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ABSTRACT 


A  iS  Inhere  (k 

U&+fm-~T-HE  METHOD,,  OESCR  I  BED  RE  DETERMINATION  CAN  BE  MADE  OF 

A  '•  A 

.BKE  FOUR  DIMENSIONAL  COORDINATES  OF  ANY  GIVEN  POINT  OF  INTEREST.  ThIS 
IS  ACCOMPLISHED  THROUGH  ADJUSTING  THE  IMAGE  SIZE  OF  A  ONE-CAMERA  MOTION 
PICTURE  PHOTOGRAPHIC  VIEW  OF  A  SPHERE  SO  THAT  IT  IS  RECONSTITUTED  IN 
ACTUAL  SIZE.  ThiS  RESTORATION  OF  CORRECT  PROJECTION  SIZE  SIMULTANEOUSLY 
SOLVES  ALL  THE  PROBLEMS  OF  PARALLAX  WHICH  HAVE  PREVIOUSLY  BLOCKED 
PRACTICAL  PHOTOGRAPHIC  MEASUREMENTS  OF  THIS  KINO,  USE  OF  THE  METHOD 
PERMITS  photographic  RECORDING  AND  RESULTANT  READOUT  OF  THE  ENVELOPE  OF 
SPACE  REquiRED  FOR  THE  EXECUTION  OF  COMPLEX  MOTIONS. 


4^t-~-01T0ER  TO  demonstrate  THE  VERSATILITY  OF  THE  TECHNiqUE,  FOUR  DIFFERENT 

I  i- 

TASKS  WERE  PHOTOGRAPHED:  (^)  WALKING  CoNE  PERSON  AT  A  TIME]*,  (,@)  A  TWO- 

MAN  DUTY  STATION  REPLACEMENT  INTERACTION  IN  WHICH  ONE  MAN  APPROACHES  THE 

SECOND,  WHO  WAS  SEATED,  AND  REPLACED  HIM  AT  THIS  STATION*,  (ji^)  A  L I  FT- 

carry-put  operation  [one  PERSON  AT  A  time];^(^)  the  same  task  performed 

BY  TWO  MEN  SIMULTANEOUSLY*  T HE  SUBJECTS  USED  IN  THESE  TASKS  WERE 

approximately  representative  of  the  5th  and  95th  percentile  American 

MALE  IN  TERMS  OF  MAJOR  BODY  DIMENSlONSo  T HE  INFLUENCE  OF  FATIGUE  ON 


THEIR  TASK  PERFORMANCE  WAS  EXAMlNEDo 


X 


I 


Processed  data  portraying  the  exterior  dimensions  of  the  total  space 

ENVELOPES  REQUIRED  BY  THE  HUMAN  FOR  CERTAIN  TASKS  ARE  PRESENTED„ 

Vv,, 

Although  the  technique  has  been  demonstrated  using  human  biomechanical 

MOTIONS,  there  IS  NO  APPARENT  REASON  WHY  THE  TECHNIQUE  COULD  NOT  BE 
APPLIED  TO  mechanical  MOTIONS  IN  GENERAL, 
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A  METHOD  FOR  MAKING  DIMENSIONAL  MEASUREMENTS  OF  COMPLEX  MOTIONS 


SECTION  ONE 
I  NT RO DUCT  I  ON 

Human  Factors  Specialists  are  FREquENTLY  called  upon  for  data  regarding 

THE  AMOUNT  OF  SPACE  WHICH  IS  REqUIRED  FOR  THE  EXECUTION  OF  SOME  ACTIVITY. 

Further,  they  may  be  asked  to  lay  out  specific  work  areas  such  as  consoles, 
seating  arrangements,  or  compartments.  In  order  to  accomplish  this  work 
ON  AS  rational  A  BASIS  AS  POSSIBLE,  THE  HuMAN  FaCTORS  SPECIALIST  COMMONLY 
TURNS  TO  THE  DATA  COLLECTED  BY  THE  PHYSICAL  AnT HRO POMETR I  ST.  WHEN  THIS 
IS  ATTEMPTED,  A  VERY  UNFORTUNATE  LIMITATION  SOON  BECOMES  APPARENT.  T HE 
VAST  MAJORITY  OF  THE  DATA  WHICH  IS  AVAILABLE  HAS  BEEN  COLLECTED  ON  STATIC 
HUMANS  WHO  ARE  POSED  IN  HIGHLY  STANDARDIZED  POSTURES.  STANDARDIZATION 
AND  immobilization  HAVE  LED  TO  CERTAIN  DESIRABLE  OBJECTIVES,  AT  LEAST 

THEY  ARE  DESIRABLE  FROM  CERTAIN  STANDPOINTS - THE  DATA  HAS  BEEN  RELATIVELY 

easily  obtained  and  is  REASONABLY  RELIABLY  OBTAINED.  HOWEVER,  SINCE  THE 
HUMAN  BODY  FLAILS,  BOBS,  WOBBLES,  SWAYS,  WEAVES,  PITCHES,  ETC.,  AS  IT 
MOVES  ABOUT  IN  REAL  LIFE  ACTIVITY,  IT  IS  NOT  AT  ALL  UNCOMMON  TO  FIND 
THAT  measures  WHICH  HAVE  BEEN  OBTAINED  STATICALLY  BEAR  LITTLE  RESEMBLANCE 
TO  THE  ACTUAL  ENVELOPE  OF  SPACE  WHICH  IS  REALLY  OCCUPIED  BY  THE  ACTIVE, 
PURPOSIVE  human.  In  recognition  of  these  LIMITATIONS,  THE  PRESENT 
RESEARCH  WAS  UNDERTAKEN. 

The  primary  purpose  of  this  research  was  to  develop  a  method  of  measure¬ 
ment  WHICH  would  create  PRACTICAL,  IMMEDIATELY  USEFUL  DATA  ON  THE  DYNAMIC 


SPACE  REQUIREMENTS  OF  THE  HUMAN  AND,  TO  THE  EXTENT  POSSIBLE,  COLLECT 
EXAMPLES  OF  SUCH  DATA. 

The  SPACE  requirements  of  T^€  MOBILE  OPERATOR  SHOULD  FIRST  BE  DEFINED. 

The  requirements  referred  to  are  the  maximum  limits  of  the  four- di mens i on al 

ENVELOPE  OF  SPACE  WHICH  THE  OPERATOR  OCCUPIES  IN  THE  COURSE  OF  PERFORMING 

A  TASK.  Thus,  as  the  man  goes  about  his  work,  he  CIRCUMSCRIBES  an  undulat¬ 
ing,  irregular,  four-dimensional  space  envelope.  All  of  his  physical 
activities  while  engaged  in  a  specific  task  could  BE  CONTA I  NED  W I TH I N  THIS 
ODD-SHAPED  ENVELOPE.  IT  IS  IMMEDIATELY  APPARENT  THAT  CONCRETE  DATA  ON  THE 
CHARACTERISTICS  OF  THIS  ENVELOPE  WOULD  BE  QUITE  VALUABLE  IN  DELINEATION  OF 
THE  time-sharing  AND  S PACE-S HAR I NG  OPPORTUNITIES  AVAILABLE  TO  SPECIALISTS 
WHO  ARE  ENGROSSED  WITH  SPACE  LAYOUT  PROBLEMS,  TIME  AND  MOTION  STUDIES, 
ACTIVITY  ANALYSES,  AND  SO  FORTH. 

Actually,  the  collection  of  realistic  data  describing  human  space  require¬ 
ments  HAS  BEEN  A  LONG  RECOGNIZED  NEED.  ThIS  NEED  HAS  BEEN  ONLY  PARTLY 

SATISFIED  BY  INFORMATION  AVAILABLE  IN  STUDIES  FROM  THE  FIELDS  OF  ANATOMY 
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AND  PHYSICAL  ANTHROPOLOGY.  MoST  OF  THESE  STUDIES  HAVE  PRODUCED  MEASURE¬ 
MENTS  WHICH  ARE  MAINLY  APPLICABLE  TO  SEDENTARY,  NON-MOBILE  RELATIONSHIPS., 

1.  There  is  no  attempt  herein  to  completely  report  all  of  the  known 
relevant  literature.  One  of  the  consultants  of  this  company  (Cornog) 
has  recently  accomplished  an  exceptionally  comprehensive  REVIEW  OF  THIS 
SUBJECT.  (Hansen  &  Cornog,  1958)  There  would  appear  to  be  no  justifi¬ 
cation  IN  consuming  space  to  simply  recount  his  earlier  work. 


BETWEEN  MAN  AND  HIS  ENVIRONMENT.  BaSIC  STUDIES  SUCH  AS  THAT  BY  DeMPSTER 

(July,  1955)  have  established  a  number  of  parameters  of  body  movements. 

Large  scale  anthropometric  measuring  programs  such  as  those  carried  on 
BY  Hertzberg,  Daniels,  and  Churchill  (1954)  have  obtained  a  wealth  of 

STATIC  PHYSICAL  DIMENSIONAL  DATA  AND  THE  SIZES  AND  RANGES  OF  THIS  DATA 
WITHIN  THE  STUDIED  POPULATIONS.  HOWEVER,  MoRANT  (1947)  STATED  THAT  BY 
themselves,  BODY  MEASUREMENTS  CANNOT  GIVE  ANY  PRECISE  ANSWER  TO  QUESTIONS 
OF  WHAT  SURROUNDING  DIMENSIONS  SHOULD  BE  OR  WHERE  CONTROLS  SHOULD  BE  BEST 

PLACED.  Other  factors  may  be  involved.  King,  et,^  (1945)  showed  that 

STANDARD  ANTHROPOMETRIC  DATA  ALONE  ARE  USUALLY  INADEQUATE  FOR  THE  EFFICIENT 
DESIGN  OF  WORK  SPACES  IN  AIRCRAFT.  ElFTMAN  (l943»  1951)  STUDIED  THE  DYNAMIC 
pattern  of  human  locomotion,  getting  closer  to  the  SOLUTION  OF  THE  PROBLEM, 
ALTHOUGH  NO  DEFINITE  SPACE  REQUIREMENTS  DATA  WERE  GENERATED. 

Dempsey  (1955)  described  a  Workspace  Measuring  Device  which  was  developed 

TO  DETERMINE  THE  MAXIMUM,  MINIMUM,  AND  OPTIMUM  SPACE  REQUIREMENTS  OF  AlR 

Force  pilots  when  seated  in  the  cockpit  situation;  and  to  simulate  in  the 

LABORATORY  EXISTING  OR  PROPOSED  COCKPIT  DESIGNS  WITH  AN  EYE  TO  PROPER 

SPACE  utilization.  Hertzberg,  Daniels,  and  Churchill  (1954)  included 

several  new-type  measurements  in  their  study  to  permit  mobility  measure- 

2 

MENTS  TO  indicate  THE  "SPACE  ENVELOPE”  THROUGH  WHICH  A  MAN  MOVES  TO 
PERFORM  HIS  FLIGHT  TASKS.  HERTZBERG,  DuPERTUIS,  AND  EmANUEL  (l958) 

2.  Hertzberg,  who  has  been  a  pioneer  and  champion  of  function  anthropometry, 

ORIGINATED  THE  "SPACE  ENVELOPE"  CONCEPT  USED  HEREIN.  FOR  HIS  CONCEPT  AND 
FOR  HIS  initial  EFFORTS  TO  MEASURE  DYNAMIC  ANTHRO POMETR I CS  THE  PROFESSION 
IN  GENERAL  IS  DEEPLY  INDEBTED. 
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REFINED  PHOTOGRAMMETRY  AS  A  TOOL,  USING  A  STEREOSCOPIC  METHOD  TO  OBTAIN 
BODY  PROPORTIONS,  DIAMETERS,  AND  SURFACE  FORM  AND  DIMENSIONS  FOR  STATIC 
SUBJECTS  IN  VARIOUS  POSITIONS.  A  PHOTOGRAPHIC  METHOD  USED  BY  KoBRICK 
(1956  ET.  SEQ.)  TO  RECORD  THE  SPATIAL  DIMENSIONS  OF  SUBJECTS  FOR  THE 
PURPOSE  OF  DESIGNING  EQUIPMENT  WAS  APPLICABLE  ONLY  FOR  POSED  BODY  POSITIONS. 

It  is  known,  both  from  the  literature  and  FROM  PERSONAL  observations,  that 

WHEN  DESIGNERS  TRY  TO  USE  STANDARD  ANTHROPOMETRIC  DATA  ALONE  TO  INFER  THE 
SPACE  REQUIREMENTS  OF  PEOPLE  AS  THEY  MOVE  ABOUT,  THEY  DO  NOT  FIND  THEM 
SUFFICIENT  IN  ALL  RESPECTS.  ThE  STATIC  DATA  FAILS  TO  PROVIDE  COMPLETE 
INSIGHT  INTO  THE  PECULIAR  AND  CHANGING  MOTIONS  OF  PEOPLE  AS  THEY  GO  ABOUT 
COMPLEX  AND  RELATIVELY  UNSTRUCTURED  TASKS.  ATTEMPTS  TO  USE  ” L I GHT-STRE AK” 

OR  "sEQUENCEO-FLASh"  TECHNIQUES  HAVE  BEEN  REASONABLY  SUCCESSFUL  IN  SHOWING 
THE  DYNAMIC  PATTERNS  OF  MOTION.  ThESE  TECHNIQUES  HAVE  NOT  BEEN  ABLE  TO 
GIVE  RELIABLE  DATA  ON  DIMENSIONS.  ThIS  HAS  BEEN  A  RATHER  SEVERE  LIMITA¬ 
TION.  One  attempt  at  circumventing  the  problem  has  been  to  combine  static 

MEASUREMENTS  AND  THEN  TACK  ON  AN  ADDITIONAL  ALLOWANCE  TO  COMPENSATE  FOR 

MOTION.  .While  this  approach  works  adequately  in  simple  situations,  it 

IS  RATHER  SEVERELY  RESTRICTED  IN  APPLICABILITY,  SINCE  THERE  IS  RELATIVELY 
POOR  DATA  ON  THE  AMPLITUDES,  RATIO,  AND  PERIODS  OF  BODY  MOTIONS.  ACCORD¬ 
INGLY,  ONE  CANNOT  USE  THE  RIGHT  CORRECTION  FACTORS.  StILL  OTHER  ATTEMPTS 
HAVE  BEEN  MADE  TOWARD  DYNAMIC  ANTHROPOMETRY,  MANY  OF  THEM  PHOTOGRAPHIC  IN 
CONCEPT,  BUT  ALL  HAVE  BEEN  RELATIVELY  UNRELIABLE  AND  INVALID  AS  MEASURING 
STRATEGY.  At  LEAST  THEY  ARE  NOT  COMPLETELY  SUITED  TO  THE  PURPOSE  UNDER 
DISCUSSION  HERE. 
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Reduced  to  simplest  terms,  the  scientific  community  has  not  achieved 
GOOD  dynamic  anthropometric  data  for  the  simple  reason  that  there  has 

NOT  BEEN  A  FEASIBLE  METHOD  TO  OBTAIN  SUCH  DATA  ON  A  RELIABLE  AND  VALID 
basis.  It  has  BEEN  THE  PRIME  OBJECTIVE  OF  THE  PRESENT  RESEARCH  TO 


DEVISE  and  DEVELOP  SUCH  A  METHOD 


SECT  I  ON  TWO 


DEVELOPMENT  OF  METHODOLOGY 

Development  of  a  method  for  obtaining  valid  and  reliable  physical  anthro¬ 
pometric  DATA  BEING  THE  PRIMARY  OBJECTIVE  OF  THIS  PROJECT,  THE  STAFF  qu I TE 
naturally  DEVOTED  EXTENSIVE  TIME  TO  DEVISING  WAYS  AND  MEANS  TO  INSTRUMENT 
THE  measuring  SITUATION.  If  ONE  IS  TO  MEASURE  ACTIONS  OF  THE  HUMAN,  IT 
IS  clearly  UNDESIRABLE  THAT  ANY  ARTIFICIAL  PHYSICAL  CONSTRAINTS  BE  PLACED 
UPON  THE  SUBJECT,  ThIS  RULES  OUT  WIRES,  PULLEYS,  BRUSHES,  PROBES,  LEVERS, 
AND  SIMILAR  ATTACHMENTS  TO  THE  PERSON,  AlSO,  SINCE  THEY  WOULD  AFFECT  THE 
NORMALCY  OF  THE  WORK,  FILAMENTS,  SMOKES,  FRANGIBLE  SEMI-SOLID  MEMBRANES 
THROUGH  WHICH  THE  OPERATOR  PASSED,  BRUSHED  OR  TRAILED,  WERE  SOON  REJECTED. 

Since  research  is  already  underway  elsewhere  on  electronic  measurement, 

THAT  area  WAS  PURPOSELY  AVOIDED.  SoUND  AND  ULTRASONICS  WERE  CONSIDERED. 

Another  idea,  more  sophisticated  than  the  one  reported  here  and  centering 

AROUND  AN  ELECTRONIC  SYSTEM  TIED  TO  A  COMPUTER,  HAS  BE EN  CO NCE | VE D  BY  ONE 
OF  THE  WRITERS.  HOWEVER,  IT  IS  STILL  IN  THE  DEVELOPMENTAL  STAGES  AND  NEED 
NOT  BE  DISCUSSED  HERE. 

As  THE  FEASIBILITY  OF  VARIOUS  TECHNIQUES  WAS  CONSIDERED,  THE  RESEARCH 
GROUP  WAS  GRADUALLY  LED  BACK  AGAIN  AND  AGAIN  TO  MOTION  PICTURE  PHOTOGRAPHY 
AS  THE  TECHNIQUE  MOST  LIKELY  TO  PRODUCE  USABLE  RESULTS  WITHIN  REASONABLE 
DEVELOPMENT  COST,  TheRE  WERE  A  NUMBER  OF  ADVANTAGES  WHICH  COULD  BE  EX¬ 
PECTED  IF  SUCH  A  TECHNIQUE  COULD  BE  DEVELOPED.  FoR  EXAMPLE,  SOME  OF  THE 
advantages  are:  (1)  AVAILABILITY  OF  EQUIPMENT, 
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Most  laboratories  have 


16  MM  MOTION  PICTURE  GEAR.  THOSE  WHO  00  NOT  CAN  OBTAIN  SUCH  GEAR  ON  A 
RENTAL  OR  PURCHASE  BASIS  AT  LOW  OVERALL  COST.  T HE  USE  OF  PHOTOGRAPHY 
PROVIDES  tangible  RECORDS  WHICH  MAY  BE  EXAMINED  AND  RE-EXAMINED  BY 
DIFFERENT  PEOPLE,  EACH  OF  WHOM  CAN  STUDY  SPECIFIC  ISSUES  WITH  NO  DAMAGE 
TO  THE  DATA.  (2)  DaTA  IS  PERMANENT,  EASILY  STORED  AND  CAN  BE  COPIED 

readily,  a  Wide  variety  of  recording  techniques  are  available  by  i nter- 

COMBINATIONS  OF  LENSES,  FILMS,  SPEEDS,  LIGHTING,  PROCESSING,  AND  OTHER 
VARIABLES  WHICH  ARE  AVAILABLE  TO  THE  PHOTOGRAPHER,  In  ADDITION-’ — AND 
THIS  IS  A  significant  POINT— DATA  COLLECTION  AND  DATA  REDUCTION  CAN  BE 
ACCOMPLISHED  BY  RELATIVELY  UNSKILLED  PERSONNEL,  FoR  THESE  AND  OTHER 
SIMILAR  REASONS,  IT  WAS  DECIDED  TO  CONCENTRATE  ON  PHOTOGRAPHIC  TECHNIQUES. 

The  item  which  has  proven  to  be  the  worst  single  barrier  in  prior  photo- 

GRAMMETRIC  ATTEMPTS  WOULD  SEE M  TO  BE  THE  PARALLAX  WHICH  IS  BROUGHT  ABOUT 
BY  THE  GEOMETRIC  RELATIONSHIPS  WHICH  ARE  INHERENT  IN  THE  OPTICAL  SYSTEMS 
AND  REPRODUCTION  PRACTICES,  ThE  RESEARCH  REPORTED  HERE  DISCLOSES  A  WAY 
TO  SOLVE  THIS  PERSISTENT  PROBLEM  OF  OPTICAL  PARALLAX. 

First,  it  is  necessary  to  obtain  a  clear  understanding  of  what  is  meant 

BY  parallax  as  IT  IS  USED  HERE,  T HE  PARALLAXES  MOST  COMMONLY  MENTIONED 
IN  TVE  PSYCHOLOGICAL  LITERATURE  ARE  MOTION  PARALLAX  AND  B I NOCULAR  PARAL¬ 
LAX.  The  phenomenon  found  herein  is  an  o pt i c a l  parallax  and  is  unrelated 

TO  THOSE  IN  THE  FIELD  OF  PSYCHOLOGY. 

Figures  1,  2,  and  5  will  assist  in  understanding  the  problem  and  how  it 
has  been  overcome  in  THIS  METHODOLOGY.  FiGURE  1  SHOWS  A  SITUATION  IN 
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relations  of  objects  as  photographed 


relations  of  images  of  objects  as  projected 

SHOWING  DEVELOPMENT  OF  PARALLAX 


SHOWING  THAT  CORRECT  LOCATION  OF  PROJECTION  PLANE  SO  AS  TO  RESTORE  CORRECT  OBJECT  SIZE  WILL  SIMULTANEOUSLY 
RESTORE  CORRECT  SPATIAL  COORDINATES  WHICH  EXISTED  IN  ORIGINAL  SCENE 


FIGURE  4 


MULTIPLICITY  OF  PLANES  OCCUPIED  BY  A  BODY 

(Each  plane  can  be  identified  by  adjusting  sizes  of  spherical  references 

AT  each  plane) 


WHICH  A  MAN  IS  BEING  PHOTOGRAPHED.  ThE  PERSON  IS  ACTUALLY  IN  MANY  PLANES 

AT  ONCE  (see  Figure  4)  but,  for  present  purposes,  let  us  merely  examine  a 

COUPLE  OF  points.  AsSUME  THAT  THE  MOTION  PICTURE  CAMERA  IS  LOCATED  AT  THE 
INTERSECTION  OF  THREE  PLANES  AT  A  GIVEN  MOMENT  IN  TIME.  ASSUME  THAT  THE 
OPTICAL  AXIS  IS  PERPENDICULAR  TO  THE  VERTICAL  PLANE,  BISECTS  TRE  HORIZONTAL 
PLANE,  AND  RUNS  PARALLEL  TO  THE  LONGITUDINAL  (flOOR  OR  CEILINg)  PLANE. 

Assume  that  the  optical  axis  maintains  the  same  relationship  to  the  plane 
(or  planes)  which  contains  the  SUBJECT  OR,  AS  WILL  BE  SEEN  LATER,  THE  PLANE 
CARRYING  THE  PROJECTED  PHOTOGRAPHIC  IMAGES  OF  SUBJECTS.  A  MOMENT  OF  REFLECT- 
TION  will  reveal  THAT  A  COMPLETELY  EUCLIDIAN  GEOMETRIC  RELATIONSHIP  HAS  NOW 
BEEN  POSTULATED  IN  WHICH  SUCCESSIVE  LAYERS,  ROWS,  AND  COLUMNS  OF  SPACE  ARE 
neatly  ARRANGED  PARALLEL  AND  PERPENDICULAR  TO  ASET  OF  RECTILINEAR  TRIDI¬ 
MENSIONAL  CORRELATES  OF  PHYSICAL  SPACE.  NoW  ASSUME  THAT  THERE  IS  A  SUBJECT 
ON  THE  SUBJECT  PLANE  AND  THAT  THERE  IS  AN  INTEREST  IN  TWO  POINTS  ON  THAT 
SUBJECT.  One  point  is  on  his  center  line  SOMEWHAT  ABOVE  THE  OPTICAL  AXIS 
(say  at  his  throat).  The  other  point  is  at  the  same  height  but  is  off  to 

ONE  SIDE  (say  at  HIS  RIGHT  SHOULDER).  ThE  GEOMETRIC  RELATIONSHIPS,  AS  WELL 
AS  THE  PHYSICAL  DIMENSIONS,  OF  THIS  SITUATION  ARE  SHOWN  IN  FiGURE  1. 

Now  ASSUME  THAT  THE  CAMERA  HAS  TAKEN  A  PICTURE  OF  THE  SCENE  IN  FiGURE  1. 

The  film  has  now  been  processed  and  is  being  projected  under  typical  pro¬ 
jection  circumstances  SUCH  AS,  FOR  EXAMPLE,  IN  FiGURE  2.  NoTE  THAT  SEVERAL 
CHANGES  HAVE  OCCURRED:  (a)  THE  PROJECTION  PLANE  IS  DIFFERENT  FROM  THE  PLANE 
WHICH  THE  ORIGINAL  SUBJECT  OCCUPIED,  (b)  THE  PROJECTION  LENS  IS  DIFFERENT 


THAN  THE  CAMERA  LENS,  REFLECTION  WILL  REVEAL  THAT  THESE  TWO  CIRCUMSTANCES 
are  almost  INVARIABLY  FOUND  IN  ACTUAL  MOTION  PICTURE  PRACTICE  (aND  IN  SLIDE 
PROJECTION,  PHOTOGRAPHIC  ENLARGEMENT  AND  PRINTING  WORK,  TOo).  USING  THESE 
OPERATING  CONDITIONS  LEADS  TO  PRODUCTION  OF  A  REPRODUCED  IMAGE  WHICH  IS  IN 

scale  but  which  is  out  of  size.  Actually,  the  study  of  Figure  2  will  show 

THAT  THERE  ARE  PREDICTABLE  CHANGES  IN  THE  BEHAVIOR  OF  ANY  POINT  IN  SUCH  AN 
OPTICALLY  GENERATED  DISPLAY.  AnY  OBJECT  WHICH  IS  ABOVE  OR  BELOW  THE  OPTICAL 
AXIS  IN  THE  ORIGINAL  SCENE  WILL  BE  LOCATED  FURTHER  ABOVE  OR  BELOW  THE  OPTI¬ 
CAL  AXIS  IF  THE  SCENE  IS  PROJECTED  ONTO  A  PLANE  MORE  DISTANT  THAN  THAT  OF 
THE  ORIGINAL.  IT  WILL  BE  SEEN  LESS  FAR  ABOVE  OR  BELOW  THE  OPTICAL  AXIS  IF 
THE  SCENE  |S  PROJECTED  ONTO  A  PLANE  CLOSER  THAN  THAT  OF  THE  ORIGINAL.  T HE 
exaggeration  of  PHYSICAL  SIZE  IS  THE  PARALLAX  PHENOMENON. 

The  SAME  EFFECT  OCCURS  WITH  ANY  OBJECT  APPEARING  OFF  TO  THE  SIDE  OF  THE 
OPTICAL  AXIS.  Thus,  in  the  example  being  used,  the  right  SHOULDER,  IF 
PROJECTED  ONTO  A  MORE  DISTANT  PLANE  THAN  THAT  AT  WHICH  IT  WAS  PHOTOGRAPHED, 
will  appear  FARTHER  TO  THE  LEFT  THAN  IT  WAS  IN  THE  ORIGINAL  SCENE.  CONVER¬ 
SELY,  IF  PROJECTED  ONTO  A  PLANE  CLOSER  THAN  THE  ORIGINAL  PHOTOGRAPHIC  PLANE, 
THE  HORIZONTAL  DISTANCE  IS  MADE  LESS  THAN  THE  ORIGINAL. 

These  effects  are  well  known  and  have  been  casually  observed  by  practically 

EVERYONE  WHO  EVER  LOOKED  AT  SLIDES  OR  MOVIES.  FoR  EXAMPLE,  THE  OPERATION 
OF  THIS  PRINCIPLE  IS  THE  BASIS  FOR  SUCH  EFFECTS  AS  OUT-O F-PRO PORT  I  ON  NOSES , 
HANDS,  OR  FEET  IN  SNAPSHOTS.  T HE  GENERAL  RULES  CAN  BE  STATED:  T HE  IMAGE  OF 


AN  OBJECT  WHICH  LIES  ABOVE  THE  OPTICAL  AXIS  OF  THE  RECORDING  SYSTEM  WILL,  IF 


PROJECTED  TO  A  PROJECTOR-SCREEN  DISTANCE  GREATER  THAN  THAT  REPRESENTED  BY 

THE  object-camera  DISTANCE  IN  THE  ORIGINAL  PHOTOGRAPH,  BE  SEEN  TO  BE  BOTH 

5 

LARGER  THAN  ORIGINAL  SIZE  AND  HIGHER  ABOVE  THE  OPTICAL  AXISc  T HE  PLACE¬ 
MENT  OF  THE  OBJECT  BELOW  THE  OPTICAL  AXIS  AND  SUBSEQUENT  REPRODUCTION  WILL 
RESULT  IN  THE  OBJECT  BEING  BOTH  LARGER  AND  LOWER  IN  RESPECT  TO  THE  OPTICAL 

AXIS.  Without  laboring  the  point  further,  it  may  be  observed  that  the  op- 

4 

TICAL  AXIS  IS  THE  POINT  AROUND  WHICH  THE  IMAGE  CHANGES  TAKE  PLACE  AND^  THAT 
THEY  TAKE  PLACE  ALONG  ALL  MERIDIANS, 

Quite  obviously,  parts  of  the  human  are  situated  in  several  different  planes 

EVEN  WHEN  HE  IS  PERFECTLY  STATIONARY.  WHEN  HE  ENGAGES  IN  VIOLENT  MANEUVERS, 
HE  OCCUPIES  EVEN  MORE  PLANES.  FROM  WHAT  HAS  BEEN  SHOWN,  IT  IS  EASY  TO  SEE 
HOW  IT  HAS  BEEN  IMPOSSIBLE  FOR  P HOTO GR AMMETR I C  TECHNIQUES  TO  BE  SUCCESSFULLY 

APPLIED.  Still,  the  necessary  ingredient  which  would  be  needed  to  permit 

PHOTOGRAMMETRIC  MEASUREMENT  OF  DIMENSIONS  IS  PRESENT  IN  THE  PHOTOGRAPHIC 
SITUATION  AND  HAS  BEEN  MENTIONED  ABOVE.  1t  HAS  BEEN  NOTED  THAT  ANY  PRO¬ 
JECTION  TO  ANOTHER  PLANE  MORE  DISTANT  OR  MORE  CLOSE  WILL  MAKE  EITHER  A 
LARGER  OR  SMALLER  IMAGE.  If  ONE  WOULD  INCORPORATE  INTO  THE  ORIGINAL  PHOTO¬ 
GRAPH  A  KNOWN  REFERENT  AND  THEN  WOULD  SO  ARRANGE  THE  PROJECTION  THAT  THE 

5.  For  PURPOSES  of  the  present  discussion,  it  is  ASSUMED  THAT  THE  CAMERA  AND 
PROJECTOR  LENSES  ARE  MATCHED,  IN  THE  CASE  WHERE  THEY  ARE  NOT,  THE  ALTERATION 

IS  recognizable  and  can  be  compensated  for  by  relatively  simple  conversion 

MATHEMATICS. 

4.  Sophisticated  readers  will  recognize  that  the  geometry  involved  here  will 

COVER  THE  COMMENTS  MADE  IN  GibSOn's  DISCUSSION  OF  VISUAL  PERCEPTION  ON  CREAT¬ 
ION  OF  VISUAL  PERSPECTIVE  AND  APPARENT  MOTION.  A LSO ,  THE  ANIP  AND  IMHEP  PRO¬ 
GRAM  OF  aircraft  instrumentation  make  USE  OF  THIS  LOGIC  IN  COMPUTATION  OF  THE 

"impact  point"  along  which  an  airframe  is  being  moved. 
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IT  WOULD  BE  DISCOVERED  THAT 


5 

REFERENCE  OBJECT  IS  RESTORED  TO  ACTUAL  SIZE, 

SEVERAL  valuable  CONSEqUENCES  RESULTo  FOR  ONE,  THERE  WILL  BE  NO  VERTICAL 
OR  HORIZONTAL  PARALLAX  IN  THE  PROJECTED  IMAGE  AT  THE  POINT  WHICH  IS  USED 
AS  THE  REFERENCE,  (OBJECTS  ON  OTHER  PLANES  W I LL  HAVE  PARALLAX.)  FoR 
another  thing,  the  DISTANCE  BETWEEN  THE  PROJECTOR  AND  THE  PROJECTION 
SCREEN  WILL  BE  EXACTLY  THE  SAME  DISTANCE  AS  THE  DISTANCE  BETWEEN  THE  CAM¬ 
ERA  AND  THE  REFERENCE  OBJECT  IN  THE  ORIGINAL  SCENE.  THEREFORE,  ALL  THAT 
IS  NEEDED  TO  RECREATE  THE  COORDINATES  IN  SPACE  OF  THE  ORIGINAL  REFERENCE 
OBJECT  IS  TO  ADJUST  THE  DISTANCE  BETWEEN  THE  PROJECTION  SCREEN  AND  THE 
PROJECTOR  SO  THAT  A  STANDARD  SIZED  REFERENCE  IS  RESTORED  IN  CORRECT  SIZE. 

At  that  point,  one  needs  only  to  measure  up  and  over  from  the  optical  AXIS 

TO  THE  REFERENCE  POINT  TO  GET  THE  VERTICAL  AND  HORIZONTAL  COORDINATES  AND 
MEASURE  FROM  SCREEN  TO  PROJECTOR  TO  GET  THE  LONGITUDINAL  COORDINATE.  VERY 
SIMPLE,  INDEEdI 

Reference  to  Figure  3  will  not  only  show  the  way  in  which  the  method  works, 
BUT  also  will  confirm  THE  SIMPLICITY  AND  DIRECTNESS  OF  THIS  TECHNiqUE.  By 
THE  PRACTICAL  EXPEDIENT  OF  ATTACHING  A  SMALL  SPHERE  TO  THE  MAN  OR  HIS  WORK¬ 
SPACE  AT  EVERY  POINT  IN  WHICH  THERE  IS  AN  INTEREST,  ONE  CAN  CATCH  ALL  THE 
TRIDIMENSIONAL  SPACE  COORDINATES  IN  ONE  SINGLE  PHOTOGRAPH  TAKEN  FROM  A  SINGLE 
CAMERA,  If  BODY  PARTS  ARE  IN  DIFFERENT  PLANES,  AS  IN  FIGURE  4,  ONE  NEED 

5,  Readers  who  are  familiar  with  fire  control  practices  will  recognize  that 

THIS  IS  THE  PRINCIPLE  USED  IN  STADIA  RANGING.  T HE  SAME  PRACTICE  IS  USED  IN 
PHOTO  INTERPRETATION  AND  PHOTOGRAPHIC  MAP  WORK. 
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merely  adjust  the  image  sizes  for  each  plane,  one  by  one,  each  time  read¬ 
ing  OUT  THE  COORDINATES.  1n  THIS  WAY,  ONE  CAN  VERY  CLOSELY  IDENTIFY  WHERE 
ALL  OF  THE  MAN'S  E XTREM I T I ES  WERE  AT  A  GIVEN  INSTANT,  It  IS  AN  OBVIOUS 
STEP  TO  MOVE  NEXT  TO  MOTION  PICTURE  PHOTOGRAPHY,  In  THIS  WAY,  THE  SEQUENCE 
OF  STILL  SHOTS  CAN  BE  CUMULATED  TO  RECONSTRUCT  THE  FOURTH  DIMENSION  OF  THE 
MOTION  envelope;  time. 

Application  of  this  methodology  allows  the  successful  measurement  of  motion 
and  dimensions  in  practically  any  ACTI V ITY  which  can  BE  PHOTOGRAPHED  REASON¬ 
ABLY  SATISFACTORILY. 

A  WORD  IS  IN  ORDER  AT  THIS  POINT  ON  THE  CHARACTERISTICS  REQUIRED  OF  THE 
REFERENCE  OBJECT.  F I RST  (aND  MANDATORY,  AS  WELl)  IS  THAT  THE  REFERENCE  BE 
A  SPHERE.  Any  two  DIMENSIONAL  OBJECT  OR  MARK  WILL  UNDERGO  FORESHORTENING 

IN  oblique  views.  This  foreshortening  would  prohibit  accurate  replication 

OF  REFERENCE  SIZE.  SECONDARY  CHARACTERISTICS  INCLUDE;  SUITABILITY  FOR  PHOTO¬ 
GRAPHIC  RECORDING,  SMALL  SIZE  AND  LIGHT  WEIGHT  SO  AS  NOT  TO  IMPEDE  ACTIVITY 
OF  THE  SUBJECT,  AND  EASE  OF  ATTACHMENT  AND  REMOVAL.  As  WILL  BE  REVEALED  IN 
THE  Apparatus  and  Procedures  Section  of  this  report,  excellent  success  has 
BEEN  obtained  WITH  PING  PONG  BALLS  ATTACHED  WITH  LIGHT  ELASTIC  BANDS  OR 
PINNED  ONTO  CLOTHING.  In  SUMMARY,  A  METHOD  HAS  BEEN  DEVISED  AND  TESTED 
WHICH  ACCOMPLISHES  THE  DIRECT  READOUT  OF  FO UR- D I  MENS  I  ON AL  COORDINATES  OF 


-  12  - 


complex  motions 


SECTION  THREE 


APPARATUS  AND  PROCEDURES 

A.  Task  Support  EguiPMENT 

Two  OPEN-FACED  STEEL  RACKS,  EACH  OF  WHICH  WAS  j6  INCHES  HIGH,  5^  INCHES 
WIDE,  AND  12  INCHES  DEEP,  WERE  USED  AS  PROPS  FOR  THE  TASKS.  SHELVES  WERE 
SET  TO  10  INCHES  AND  60  INCHES  FROM  THE  FLOORo  To  SIMULATE  EQUIPMENT 
WHICH  THE  MEN  MIGHT  NORMALLY  HANDLE  ON  DUTY,  FOUR  18  l/2  X  12  X  5  INCH 
WOODEN  BOXES  WERE  OBTAINED  AND  FILLED  TO  THE  WEIGHT  OF  32  POUNDS.  THIS 
WEIGHT  IS  APPROXIMATELY  THE  MAX  I  MUM  WE  I GHT  ONE  MIGHT  EXPECT  TO  FIND  IN 
USE  FOR  CONTINUOUS  CARRYING  AND  LIFTING  TO  A  60  INCH  HEIGHT.  A  l/4  INCH 
THICK  PLYWOOD  SHEET  WAS  USED  TO  CREATE  A  SIMULATED  DESK  OR  TABLE  TOP  IN 

THE  "Change  Places"  task  (see  later).  It  was  cantilevered  out  18  inches 

FROM  A  SHELF  OF  ONE  OF  THE  STEEL  RACKS.  The  TOP  SURFACE  OF  THE  SHELF  WAS 
PLACED  AT  A  HEIGHT  OF  2^  l/2  INCHES  ABOVE  THE  FLOOR.  ThIS  SET-UP  ASSURED 
A  CLEAR  VIEW  OF  THE  SUBJECT’S  FEET  AND  KNEES  BENEATH  THE  TABLE  TOP.  A 
STANDARD  SWIVEL  OFFICE  CHAIR  WITH  CASTERS  AND  ARMS  WAS  UTILIZED  IN  ONE 

TASK.  The  seat  reference  point  where  the  back  intersects  the  seat  pan 
Was  located  18  inches  from  the  floor. 

Each  subject  performing  in  each  task  wore  a  number  of  ping  pong  balls 

ATTACHED  TO  HIS  CLOTHING  AND  BODY  EITHER  BY  LIGHT  ELASTIC  BANDS  OR  SAFETY 

PINS,  One  Was  located  on  the  top  of  his  head,  one  over  each  shoulder-arm 

JOINT,  ONE  just  ABOVE  THE  OUTSIDE  OF  EACH  ELBOW,  ONE  LOW  ON  THE  OUTSIDE  OF 
EACH  WRIST,  ONE  HIGH  ON  THE  OUTSIDE  OF  EACH  THIGH,  ONE  SUSPENDED  5  INCHES 


BELOW  HIS  BELT  IN  THE  Ml  DOLE  OF  HIS  BACK,  ONE  OUST  BELOW  THE  OUTSIDE  OF 
EACH  KNEE,  AND  TWO  ON  EACH  FOOT- — ONE  TO  THE  FRONT  AND  ONE  TO  THE  REAR 
OF  EACH  ANKLE.  T HE  LOGIC  WAS  TO  PROVIDE  A  REFERENCE  POINT  AS  NEAR  AS 
POSSIBLE  TO  EACH  POINT  ON  THE  BODY  WHICH  MIGHT  CONSTITUTE  A  TANGENT  TO 
THE  envelope  OF  SPACE  AS  THE  MAN  MOVED  ABOUT. 

B.  Photographic  Equipment 

A  16  MM  Bolex  H/6  Supreme  motion  picture  camera  with  a  10  mm  SwitaR  lens 
WAS  used  for  all  task  recording  purposes.  The  camera  was  fastened  to  an 

immovable  TRIPOD-LIKE  MOUNT  DURING  PICTURE  TAKING,  SO  THAT  THE  CENTER  OF 
THE  LENS  (optical  AXIS)  WAS  %  INCHES  OFF  THE  FLOOR  AND  THE  FILM  PLANE 

2o  feet  from  a  reference  backdrop,  Kodak  Tri-X  reversal  black  and  white 

FILM  WAS  USED  EXCLUSIVELY  THROUGHOUT  THE  TASK  RECORDINGS.  FoUR  FLOOD¬ 
LIGHTS  WERE  FASTENED  ON  THE  CAMERA  MOUNT,  TWO  ON  EACH  SIDE  OF  THE  CAMERA. 

The  lens  was  tested  and  found  to  produce  a  good  optically  flat  image  which 
Was  sufficiently  free  from  distortion  as  to  permit  use  for  the  intended 
PURPOSE.  An  8  X  8  foot  screen  of  masonite  supported  by  2  X  2  inch  lumber 
Was  centrally  placed  behind  each  task  area  to  form  a  photographic  backdrop 
The  rough  side  of  the  masonite  faced  out  and  was  painted  a  flat  black  to 
minimize  reflections.  a  1/4  INCH  DIAMETER  WHITE  CORD  STRETCHED  OUT  HORI¬ 
ZONTALLY  across  the  backdrop  at  a  height  of  56  5/4  inches  (equal  to  the 

CAMERA  LENS  IN  HEIGHt).  ANOTHER  CORD  BISECTED  THE  BACKDROP  VERTICALLY. 

The  intersection  of  these  cords  was  made  to  coincide  precisely  with  the 
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THE  OPTICAL  AXIS  OF  THE  CAMERA.  ThE  BACKDROP  WAS  MADE  TO  BE  PERFECTLY 
PERPENDICULAR  TO  THE  OPTICAL  AXIS.  ACCORDINGLY,  THE  BACKDROP  AND  FILM 
PLANE  WERE  COMPLETELY  PARALLEL. 

C.  Data  Reduction  Equipment 

The  16  mm  projector  used  in  data  reduction  was  a  Bell  and  Howell  Model 
175  Time  and  Motion  Study  projector,  with  reverse,  hand  crank,  and  stop- 
frame  CAPACITY.  It  was  equipped  with  a  5/8  INCH  FOCAL  LENGTH  (w I DE  ANGLe) 
LENS.  As  HAS  BEEN  SHOWN  IN  THE  PRECEDING  SECTION,  THE  USE  OF  THIS  TECHNIQUE 
REQUIRES  THAT  EITHER  THE  SCREEN  OR  THE  PROJECTOR  BE  MOBILE.  It  IS  MUCH 
easier  to  move  a  PROJECTOR.  ACCORDINGLY,  THE  PROJECTOR  WAS  AFFIXED  TO  A 
MOVABLE  DOLLY  WHICH  RAN  ON  A  TRACK  PERFECTLY  PERPENDICULAR  TO  THE  PROJECT- 
TION  SURFACE.  (T HE  SAME  DOLLY  SERVED  AS  CAMERA  AND  FLOODLIGHT  MOUNT  DURING 
THE  DATA  ACQUISITION  STAGE„  WHEN  USED  AS  A  CAMERA  PLATFORM,  IT  HAD  A  RE¬ 
MOVABLE  1  1/2  INCH  angle  ALUMI NUM  TR I POD-L I KE  SUPERSTRUCTURE.)  T HE  DOLLY 
BASE  WAS  A  3  FOOT  SQUARE  PIECE  OF  3/4  INCH  PLYWOOD.  On  THE  BASE  WERE 
ATTACHED  V-GROOVED  7  INCH  WHEELS.  The  TRACK  ON  WHICH  THE  WHEELS  RAN  WAS 
MADE  OF  1  1/2  INCH  ANGLE  ALUMINUM  LAID  IN  TWO  PARALLEL  RAILS,  32  INCHES  ON 
CENTER.  The  track  bed  Was  made  in  sections  of  plywood  which  could  be  firmly 

FASTENED  TOGETHER  BY  LOOSE-PiN  HINGES  OR  USED  INDIVIDUALLY  IF  NECESSARY, 

6.  Practically  speaking,  it  was  found  that  occasionally  there  was  difficulty 

IN  MEASURING  THE  SUBJECT'S  LOCATION  DUE  TO  OCCLUSION  OF  THIS  CENTRAL  INTER¬ 
SECTION  BY  HIS  BODY.  Hence,  the  backboard  was  rimmed  by  nails  at  one  inch 
INTERVALS.  WHITE  CORD  WAS  STRUNG  ON  CERTAIN  OF  THE  NAILS  TO  PRODUCE  AN 
ACCURATE  GRID  WHEN  NEEDED.  CAREFUL  EXTRAPOLATION  FROM  A  KNOWN  VISIBLE  LINE 
IN  THE  GRID  PERMITTED  EXACT  LOCATION  OF  THE  INVISIBLE  BUT  VITAL  CENTER  IN¬ 
TERSECTION  OF  THE  OPTICAL  AXIS. 
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Alongside  one  rail  or  the  track  was  made  a  set  of  index  numbers  represent¬ 
ing  THE  distance  from  BACKBOARD  TO  OBJECTo  THESE  NUMBERS  WERE  NOT  TRUE 
INCHES.  Instead,  they  followed  a  ratio  determined  by  the  relationship 

BETWEEN  THE  CAMERA  LENS  AND  PROJECTION  LENSo  THIS  STRIP  WAS  LA  I  D  OUT  WITH 
1/4  INCH  scale  marks.  A  RECORDER  ASSISTED  BY  TAKING  DOWN  MEASUREMENTS  OF 
VERTICAL  AND  HORIZONTAL  COORDINATES  WHICH  WERE  READ  OFF  BY  THE  MAN  AT  THE 
SCREEN.  At  the  Same  time,  the  recorder  followed  the  projector  back  and 
FORTH  to  pick  UP  THE  LONGITUDINAL  MEASURES^  ACTUALLY,  THE  RECORDER  DID 
NOT  HAVE  TO  MOVE  VERY  FAR.  T HE  ACTUAL  SCALES  USED  WERE  CUT  TO  HALF-SIZE 
BY  THE  SIMPLE  EXPEDIENT  OF  CAUSING  EVERYTHING  TO  BE  PROJECTED  HALF-SIZE 
AND  USING  A  HALF-SIZED  REFERENCE  OBJECT  SCALE  ON  THE  RULER  (sEE  LATEr). 

There  is  no  reason  why  the  projected  images  have  to  be  full  size.  They 

COULD  be  +2X,  -4X,  +I/4X,  OR  ANY  OTHER  SCALE .WHICH  IS  CONVENIENT.  T HE 
ONLY  REq.UIREMENT  IS  THAT  ALL  MEASURING  SCALES  USED  I  N  DATA  REDUCTION  MUST 
BE  IN  THE  SAME  SCALE.  WiTH  THE  SIZE  IMAGES  WHICH  OUR  DATA  CREATED,  IT 
SUITED  OUR  PURPOSES  BEST  TO  WORK  AT-l/2X  REDUCTION.  ThE  RECORDER  PICKED 
OFF  LONGITUDINAL  DISTANCE  BY  OBSERVING  A  POINTER  WHICH  EXTENDED  FROM  THE 
DOLLY  DOWN  TO  THE  INDEX  ON  THE  TRACK.  ELECTRICAL  SERVICE  TO  THE  PROJECTOR 
WAS  PROVIDED  BY  A  TRAILING  EXTENSION  CORD  LEADING  IN  TO  THE  DOLLY  ON  AN 
OUTRIGGER  WHICH  KEPT  THE  WIRE  CLEAR  OF  THE  TRACK. 

To  FACILITATE  DATA  REDUCTION,  AN  ESPECIALLY  MADE  ’’ruLER”  WAS  USED  TO  MEASURE 
THE  DIMENSIONS  OF  THE  PROJECTED  IMAGEo  T HE  ”ruLER"  CONSISTED  OF  A  SHEET  OF 
BRISTOL  BOARD,  20  X  26  INCHES,  WHICH  HAD  INCHES  MARKED  OFF  IN  THE  PROPER 


STANDARD  scale  ON  ALL  FOUR  SIDES  AND  ZERO  POINTS  AT  ALL  FOUR  CORNERS. 

Each  corner  had  a  black  disk  the  size  of  the  proper  standard  ratio  of 
THE  diameter  OF  A  PING  PONG  BALL  (haLF-SIZe).  THEREFORE,  EACH  SIDE  HAD 
TWO  SETS  OF  NUMBERS  EXTENDING  IN  OPPOSITE  DIRECTIONS.  EaCH  CORNER  POINT 
HAD  A  ZERO  POINT  WITH  CALIBRATIONS  EXTENDING  ON  BOTH  THE  X  AND  Y  AXES 

away  from  it  (see  Figure  5)0  Obviously,  by  ruling  the  "ruler”  with  four 

ZERO  CORNERS,  IT  IS  POSSIBLE  TO  READ  THE  COORDINATES  IMMEDIATELY  IN  ANY 

quadrant  where  the  reference  may  fall. 

The  "ruler"  was  used  by  varying  the  size  of  the  projected  image  of  a 

GIVEN  PING  PONG  BALL  WHICH  WAS  FASTENED  ON  THE  SUBJECT  UNTIL  IT  JUST 
filled  the  black  DISK  AT  THE  CORNER  OF  THE  "ruLER".  IT  WAS  ASSURED  THAT 
THE  "ruler"  WAS  SQUARE  ON  THE  SCREEN  WITH  THE  PHOTOGRAPHIC  GRID  AND  THAT 
THE  ZERO  POINT  OF  THE  CORNER  WAS  AT  THE  RIGHT  POINT  ON  THE  IMAGE  OF  THE 

BODY.  The  point  at  which  the  horizontal  and  vertical  reference  LINES, 

WHICH  WERE  ORIGINALLY  PHOTOGRAPHED  WITH  THE  SUBJECT,  INTERSECTED  THE 

"ruler"  could  then  be  noted.  (See  Figure  6  for  use  of  the  "ruler".) 

Under  these  circumstances,  the  object  will  have  been  reconstituted  in 

EXACT  TRIDIMENSIONAL  COORDINATES  AND  CAN  BE  MEASURED  DIRECTLY  ON  THE 
"ruler"  AND  THE  TRACK  INDEX. 

For  the  Y  axis,  the  measurer  called  out  the  distance  above  (+)  or  below 
(-)  THE  36  5/4  INCH  high  CORD  ON  THE  BACKBOARD  AT  WHICH  THE  POINT  LAY. 

For  the  X  axis,  he  would  call  out  the  distance  the  point  lay  either  to 

THE  LEFT  (+)  OR  THE  RIGHT  (- )  OF  THE  VERTICAL  X  AXIS  CORD  ON  THE  BACKBOARDo 


DATA  REDUCTION  TEMPLATE 


DATA  REDUCTION  TECHNIQUE 


The  recorder  converted  the  Y  axis  measurement  to  true  height  by  adding 

OR  SUBTRACTING  56  5/4  INCHES  BEFORE  RECORDING  IT,  AND  MERELY  RECORDED 
VERBATIM  THE  X  AXIS  COORDINATE. 

A  TIGHTLY  sprung  CORD  WAS  PASSED  THROUGH  A  PULLEY  AT  EACH  END  OF  THE 
TRACK,  FORMED  INTO  AN  ENDLESS  LOOP,  AND  THEN  ATTACHED  TO  THE  DOLLY.  THIS 
WAS  USED  BY  THE  MAN  AT  THE  SCREEN  TO  POSITION  THE  PROJECTOR  AT  THE  RIGHT 
DISTANCE  TO  MAKE  A  BO DY  PART  STANDARD  SIZED.  By  STANDING  AT  THE  PROJECT¬ 
ION  SCREEN  AND  PULLING  ONE  WAY  OR  THE  OTHER  ON  THIS  ENDLESS  LOOP  OF  CORD, 
THE  DOLLY  COULD  BE  MADE  TO  RUN  BACK  AND  FORTH  ON  THE  TRACK.  1N  THIS  WAY, 
THE  SIZE  OF  THE  PROJECTED  IMAGE  COULD  EASILY  BE  CONTROLLED  RIGHT  AT  THE 
SCREEN  BY  THE  PERSON  MATCHING  THE  IMAGE  SIZES. 

D.  Measurement  Points 

When  the  subject  is  fully  clothed  and  moving  about,  he  becomes  a  difficult 
subject  for  anthropometry.  His  clothing  flaps,  his  hair  sticks  up,  his 
SKIN  and  muscles  SLIDE  AROUND  ON  HIS  SKELETON,  AND,  SPEAKING  GENERALLY, 

ALL  THE  NICETIES  OF  ANTHROPOMETRIC  BODY  REFERENCE  POINTS  BECOME  UNSTABLE. 

Therefore,  it  has  been  necessary  to  adopt  certain  more  or  less  arbitrary 

RULES  FOR  MEASURING. 

Basically,  the  purpose  for  which  the  present  methodology  is  devised  is 

THE  measurement  OF  THE  SPACE  OCCUPIED  BY  REAL  PEOPLE  DOING  REAL  TASKS 
while  realistically  outfitted  for  the  TASK.  It  would  seem  fitting  that 

AN  EQUALLY  EMPIRICAL  DEFINITION  BE  ADOPTED  FOR  WHAT  WILL  BE  MEASURED.  IT 
HAS  BEEN  THE  PRACTICE  HEREIN  TO  SAY  THAT  THE  INTEREST  LIES  IN  THE  OBJECT 
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WHICH  creates  the  BOUNDARY  OF  SPACE  OCCUPIED  IN  THE  TASK,  THIS  MEANS 
MEASURES  MUST  BE  TAKEN  WHEREVER  MAXIMUM  DIMENSIONS  ARE  OBTAINED,  WHETHER 
IT  IS  ON  SKIN,  CLOTH,  LEATHER  OR  HAIR.  ThE  FOLLOWING  POINTS  WERE  USED: 

(1)  HEAD  -  TOP,  CENTER,  AT  WHEREVER  THE  HAIR  STICKS  UP  TO ;  (2)  SHOULDER  - 
ON  THE  CLOTHING  AT  THE  POINT  OF  MAXIMUM  INFLECTION  BETWEEN  HORIZONTAL  LINE 
OF  SHOULDER  AND  VERTICAL  LINE  OF  THE  ARM  (iF  THE  ARM  WAS  STRAIGHT  OUT  OR 
POINTING  UP,  THEN  AN  A PPRO X  I  MAT  I  ON  W AS  MADE  FOR  THE  PROBABLE  WHEREABOUTS 
OF  THE  acromion);  (5)  ELBOW  ON  THE  CLOTHING  AS  NEARLY  AS  POSSIBLE  TO 
THE  POINT  OF  MAXIMUM  PROTRUSION  (GENERALLY  CLOSE  TO  THE  EPICONDYLE  OF 
THE  humerus);  (4)  buttocks  -  ON  THE  CLOTHING  AT  THE  POINT  OF  MAXIMUM 
EXTENT  AFT  ON  THE  RUMP;  (5)  KNEE  -  DEPENDING  UPON  ORIENTATION  IN  PICTURE, 
EITHER  ON  THE  CLOTHING  AT  SIDE  OF  KNEE  (APPROXIMATELY  HORIZONTALLY  OUT 
FROM  THE  kneecap  OR  ABOVE  THE  EPICONDYLE  OF  THE  FIBULa)  OR,  IF  SEEN  FROM 
THE  SIDE,  ON  THE  CLOTHING  AT  ABOUT  THE  KNEECAP  OR  THE  POPLITEAL  SPACE; 

(6)  HAND  -  INTERSECTION  OF  THE  HAND  AND  THE  LITTLE  FINGER,  ON  THE  SKIN; 

(7)  foot  -  ON  THE  SHOE  SOLE  AS  NEAR  AS  POSSIBLE  TO  THE  PROBABLE  WHERE¬ 
ABOUTS  OF  THE  LITTLE  TOE  OR  THE  WIDEST  PART  OF  THE  SHOE;  (S)  HIP  -  ON 
THE  CLOTHING  AT  W I DEST  POINT  OF  HIP,  GENERALLY  AT  ABOUT  THE  TROUSER’S 
POCKET  OPENING. 

The  subjects  were  fully  clothed.  All  wore  sport  shirts  or  khaki  uniform 
SHIRTS  WITH  collars  OPEN,  SLACKS  OR  KHAKI  UNIFORM  TROUSERS,  AND  OXFORD- 
TYPE  SHOES.  No  UNUSUAL  FEATURES  WERE  OBSERVED  IN  THE  APPAREL  WHICH  WOULD 
MAKE  THEM  DIFFERENT  FROM  USUAL  NaVY  DUNGAREES  OR  LIGHT  WORK  CLOTHING  IN 
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E.  T  ASKS 


The  tasks  which  were  photographed  in  this  research  were  selected  for 
TWO  PURPOSES.  First,  they  were  tasks  which  would  provide  reasonable 

OPPORTUNITY  FOR  CAPABILITIES  AND  LIMITATIONS  OF  THE  METHODOLOGY  TO  BE¬ 
COME  apparent.  In  THIS  way,  the  suitability  of  the  method  would  BE 
TESTED.  Second,  the  tasks  were  to  be  realistic  representations  of  the 

WORK  WHICH  is  DONE  EVERY  DAY  BY  ORDINARY  PEOPLE  IN  A  VARIETY  OF  SITUA¬ 
TIONS.  Thus,  even  though  obtained  in  a  laboratory  setting  and  using 

PROPS  WHICH  ARE  NOT  COMPLETELY  LIKE  REAL  JOBS,  THE  LIMITED  DATA  WHICH 
WAS  OBTA I  NED  WOULD  HAVE  PRACTICAL  UTILITY. 

There  is  a  strong  tendency  for  photographic  subjects  to  deviate  from 

THEIR  NORMAL  BEHAVIOR  AS  SOON  AS  THEY  GET  ”ON  CAMERA*'.  If  ALLOWED  TO 
CONTINUE  UNCHECKED,  THIS  TENDENCY  COULD  RUIN  THE  DATA.  THEREFORE,  THE 
EXPERIMENTERS  WERE  AT  GREAT  PAINS  TO  USE  ALL  EFFORTS  TO  BRING  ABOUT 
NORMAL  behavior  FREE  OF  TENSION  AND  FREE  OF  HAM  ACTING^  In  ACTUAL 
PRACTICE,  IN  ALL  OF  THE  TASKS,  THE  EXPERIMENTERS  DELIBERATELY  CON¬ 
FOUNDED  THE  EXPECTATIONS  OF  THE  SUBJECTS  BY  TURNING  ON  LIGHTS  AND 
RUNNING  THE  CAMERA  AT  TIMES  AS  IF  RECORDS  WERE  BEING  MADE  WHEN,  IN 

reality,  they  were  not.  Furthermore,  some  films  were  made,  osten¬ 
sibly  FOR  THE  RECORD,  WHICH  WERE  NOT  IN  FACT  ANALYZED.  AfTER  A  FEW 
MINUTES  OF  OPERATION  UNDER  THESE  CONDITIONS,  THE  SUBJECTS  SEEMINGLY 
RELAXED,  BEHAVED  PRETTY  MUCH  AS  THEIR  NATURAL  SELVES,  AND  STOPPED 
TRYING  TO  BEAT  THE  PROBLEM  OR  BECOME  MOVIE  STARS. 
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Task  A  -  "Walk”  Task 

This  task  undertook  to  examine  the  envelope  of  space  circumscribed  by  a 
simple  straight  walk.  Each  subject  started  from  a  backdrop  located  20 

FEET  FROM  THE  FILM  PLANE  AND  WALKED  DIRECTLY  TOWARD  THE  CAMERA.  WHEN 
APPROXIMATELY  5  ^ET  FROM  THE  CAMERA,  HE  TURNED  OFF  ABRUPTLY,  WHEREUPON 
THE  RECORDING  WAS  TERMINATED.  SUBJECTS  WERE  INSTRUCTED  TO  WALK  AT  THEIR 
normal  SPEED,  USING  THEIR  REGULAR  GAIT.  SEVERAL  PRACTICE  TRIALS  AND  FAKE 
TRIALS  WERE  HELD  BEFORE  AND  AFTER  THE  TRIAL  FOR  RECORD  IN  ORDER  THAT  A 
SUBJECT  WOULD  TEND  TO  WALK  NORMALLY  AND  AT  EASE.  T HE  GEOMETRY  OF  THE 
TASK  IS  SHOWN  IN  FIGURE  7. 

Task  B  -  "Change  Places”  Task 

This  task  REquiRED  two  subjects  to  successively  replace  each  other  at  a 
seated  duty  station.  This  is  a  type  of  activity  which  is  widely  encount¬ 
ered  AS  ONE  PERSON  RELIEVES  ANOTHER  OF  DUTY  AT  A  SE ATE D  WORK SPACE .  As  A 
TWO  MAN  TASK,  IT  DEMONSTRATES  THE  ABILITY  OF  THE  TECHNiqUE  TO  MEASURE  THE 
INTERACTIONS  BETWEEN  PEOPLE  IN  JOINT  ACTIVITIES.  AlSO,  WHEN  VIEWED  IN¬ 
DIVIDUALLY,  THE  INDIVIDUAL  ACTIONS  OF  SITTING  DOWN,  STANDING  UP,  STARTING 

TO  Walk,  and  so  forth  can  be  pulled  out  of  each  person’s  own  activities., 

As  THE  TASK  STARTS,  ONE  MAN  (MaN  A)  IS  SEEN  WITH  HIS  HANDS  UPON  A  TABLE 
TOP  WHILE  HE  IS  SEATED  ON  A  CONVENTIONAL  DESK  CHAIR  (APPARATUS  DESCRIBED 

earlier).  Another  man  (Man  B)  is  off  camera.  At  the  start  of  the  task, 
Man  B  walks  up  to  the  right  of  Man  A„  Man  A,  seeing  that  his  replacement 
HAS  "arrived  for  DUTY" ,  PUSHES  BACK  HIS  CHAIR,  RISES,  AND  WALKS  AWAY  TO 
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THE  LEFT.  WHEN  THE  CHAIR  BECOMES  AVAILABLE,  MaN  B.  ACQUIRES  IT,  SITS 
DOWN  ON  IT,  MOVES  IN  TO  THE  TABLE,  AND  PLACES  HIS  HANDS  UPON  THE  TABLE 
AS  IF  WRITING  OR  OPERATING  CONTROLS.  MEANWHILE,  MaN  A  HAS  DOUBLED  BACK 

BY  Walking  around  behind  the  apparatus  so  that  he  now  appears  at  Man  B's 
RIGHT  SIDE.  Man  B  recognizes  Man  A's  return  so  he  relinquishes  the  chair 
AND  LEAVES  THE  DUTY  STATION  TO  MaN  A.  MaN  A  SEATS  HIMSELF  AND  PROCEEDS 
TO  SIMULATE  WORK  UNTIL  MaN  B  SHOWS  UP  AGAIN.  A  COMPLETE  FILMING  CYCLE 
WAS  RECORDED  FOR  EACH  MAN  REPLACING  THE  OTHER  THREE  TIMES.  ADEQUATE 
BRIEFING,  PRACTICE,  AND  FAKE  TRIALS  WERE  PROVIDED.  THE  TASK  GEOMETRY  IS 

SHOWN  IN  Figure  8. 

T ASK  C  -  "Equ I PMENT  Transfer”  Task  (  One  Man) 

This  task  involves  getting,  transporting,  and  placing  a  bulky,  heavy  ob¬ 
ject  ON  SHELVES  OR  RACKS.  IT  IS  A  TASK  WHICH  IS  WIDESPREAD  IN  THE  WORKING 

WORLD - SERVICE  ON  ELECTRONIC  RACKS,  STORAGE  OF  SUPPLIES,  AND  EQUIPMENT 

SET-UP,  TO  MENTION  A  FEW.  Two  IDENTICAL  RACKS,  EACH  OF  WHICH  WAS  5  FEIET 
WIDE,  WERE  LINED  UP  4  FEET  APART,  FACING  THE  SAME  DIRECTION.  THERE  WAS 
A  LOW  SHELF  (10  INCHES  ABOVE  THE  FLOOr)  AND  A  HIGH  SHELF  (60  INCHES  ABOVE 
THE  floor).  Before  the  task  was  started,  the  shelves  were  pre-loaded. 

Three  weighted  boxes  (described  earlier)  were  put  on  the  shelves  with 

ONE  SPACE  (top  RIGHT  WHEN  FACING  SHELVEs)  REMAINING  OPEN.  T HE  SUBJECT’S 
TASK  WAS  TO  CARRY  A  BOX  FROM  LEFT  HIGH  SHELF  TO  THE  EMPTY  SPACE  OPEN  ON 
THE  RIGHT  HIGH  SHELF.  He  THEN  SQUATTED  DOWN,  OBTAINED  A  BOX  FROM  THE 
LOWER  RIGHT  SHELF,  AND  CARRIED  IT  TO  THE  OPEN  SPACE  ON  THE  SHELF  AT  THE 
UPPER  LEFT.  Then,  squatting  again,  he  got  the  LOWER  LEFT  BOX  AND  TRANSPORTED 
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IT  TO  THE  LOWER  RIGHT  SHELF  SPACE.  R I S I NG  STRAIGHT  UP,  HE  GOT  THE  BOX 
ON  THE  UPPER  RIGHT  AND  CARRIED  IT  ACROSS  AND  DOWN  TO  THE  LOWER  LEFT. 

Upon  putting  that  box  away,  he  rose  to  get  the  box  from  the  top  shelf. 

At  this  point,  a  complete  criss-cross  transfer  pattern  HAD  been  accom¬ 
plished.  The  subject  then  went  ahead  to  repeat  the  cycle  two  more  times. 

As  usual,  there  was  briefing  and  practice  before  recording.  The  task 

GEOMETRY  IS  SHOWN  IN  FiGURE  9. 

T ASK  D  -  ’’Equipment  Transfer"  Task  (  Two  Man) 

This  task  was  a  version  of  Task  C  modified  for  use  by  two  men.  It  was 

INCLUDED  so  AS  TO  STUDY  THE  FEASIBILITY  OF  COLLECTING  ANTHROPOMETRIC 
SPACE  ENVELOPES  ON  TEAMS  OR  GROUPS,  AS  WELL  AS  TO  ACTUALLY  MEASURE  THE 
DIMENSIONS  WHICH  WOULD  BE  OCCUPIED  BY  TWO  MEN  DOING  THE  TASK.  T HE  TASK 
GEOMETRY  AND  RECORDING  OF  THE  DATA  WERE  IDENTICAL  WITH  T ASK  C.  HOWEVER, 
FOUR  BOXES  WERE  USED  AND  THE  PATTERN  OF  MOVING  THEM  WAS  DIFFERENT.  At 
THE  START,  THE  SHELVES  WERE  PRE-LOADED  WITH  ONE  BOX  APIECE.  AT  THE  SIGNAL, 
EACH  SUBJECT  OCCUPIED  A  POSITION  IN  FRONT  OF  ONE  OF  THE  RACKS.  He  THEN 
REMOVED  A  BOX  FROM  THE  TOP  SHELF  AND  TRANSPORTED  IT  ACROSS  TO  THE  TOP 
SHELF  OF  THE  OTHER  MAN’s  RACK,  PASSING  THE  OTHER  MAN  EN  ROUTE.  THEY  THEN 
SQUATTED  DOWN,  GOT  THE  BOXES  FROM  THE  BOTTOM  SHELVES  AND  WALKED  TO  THE 
ADJACENT  RACK  TO  PUT  THE  BOX  INTO  THE  LOWER  SHELF.  THEY  THEN  STOOD  UP, 

GOT  THE  TOP  BOXtS,  AND  REPEATED  THE  CYCLE.  A  MEASUREMENT  SERIES  WAS  MADE 
UP  OF  5  SUCH  CYCLES  WITHOUT  PAUSE.  OBVIOUSLY,  SOMEONE  HAS  TO  GO  ON  THE 
OUTSIDE  WHEN  THE  MEN  MEET  BETWEEN  RACKS  SO  STANDARD  PROCEDURE  WAS  LAID 
down:  THE  MAN  WALKING  TOWARD  THE  BACKBOARD  HUGGED  THE  RACKS  WHILE  THE 
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EQUIPMENT  TRANSFER  TASK  GEOMETRY 
(Overhead  View) 


OTHER  man  headed  TOWARD  THE  CAMERA  ALWAYS  PASSED  TO  THE  OUTSIDE,  Pre- 
FILMING  PRACTICE  WAS  GIVEN  FOR  FAMILIARIZATION.  SeE  FiGURE  9  FOR  THE 
GEOMETRIC  RELATIONSHIP. 

Fc  Subjects 

It  was  seen  that,  in  the  present  research,  COLLECTION  OF  USEFUL  DATA  AND 
AN  adequate  test  OF  THIS  NEW  MEASUREMENT  SYSTEM  COULD  BOTH  BE  ACCOMPLISHED 
WITH  THE  USE  OF  A  MINIMUM  NUMBER  OF  SUBJECTS.  IN  ADDITION,  FUNDS  FOR  THE 
PROGRAM  WERE  SEVERELY  LIMITED  SO  THAT  A  LARGER  MEASUREMENT  PROGRAM  WAS 

IMPOSSIBLE.  Therefore,  two  subjects  with  approximately  90  -  95  percentile 

HEIGHT  AND  WEIGHT  MEASUREMENTS  AND  TWO  WITH  APPROXIMATELY  5  -10  PERCENTILE 

7 

measurements  were  selected  to  be  filmed  while  performing  the  tasks.  All 

FOUR  SUBJECTS  FELL  WITHIN  THE  NaVAL  PERSONNEL  AGE  RANGES,  THE  90  -  95  PER¬ 
CENTILE  PERSONNEL  BEING  NaVAL  ENLISTED  PERSONNEL  AND  THE  5-10  PERCENTILE 
BEING  HIGH  SCHOOL  SENIORS. 


90  -  95  Percent  I le 


5  -  10  Percent i le 


SUBJECTS  HEIGHT  WEIGHT 

X  75.75"  197  LBSo 

Y  74.00”  200  LBS. 


SUBJECTS  HEIGHT  WEIGHT 
X 
Y 


65.00”  117  LBSo 

62.00"  110  LBS, 


The  5  ■  10  PERCENTILE  PERSONNEL  DATA  HAS  NOT  BEEN  COMPLETELY  PROCESSED  AND 
IS  NOT  ALL  PRESENTED  IN  THIS  REPORT.  It  WAS  THOUGHT  THAT  MORE  USEFUL  AND 
UNIVERSALLY  APPLICABLE  DATA  COULD  BE  GOTTEN  FROM  AN  IMMEDIATE  AND  MORE  IN¬ 
CLUSIVE  STUDY  OF  90  -  95  percentile  RESULTS. 


7.  These  measures  are  roughly  in  accord  with  the  pooled  data  displayed  in 
THE  AnaTOMETER  PUBLISHED  BY  AnaTOMETRIC  ASSOCIATES,  PoST  OFFICE  BoX  204 , 
Rochester  10,  New  York. 
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6.  Fatigue 


There  is  a  considerable  advantage  to  be  obtained  in  procuring  a  method 

WHICH  WOULD  PERMIT  THE  DIRECT  RECORDING  OF  THE  INFLUENCE  OF  FATIGUE  UPON 
THE  ACTIONS  OF  THE  HUMAN  OPERATOR.  It  HAS  BEEN  SUGGESTED  THAT  THE  METHOD 
DESCRIBED  HEREIN  WOULD  BE  SUITABLE  FOR  SUCH  A  PURPOSE.  THEREFORE,  DATA 
HAS  BEEN  OBTAINED  ON  TRIALS  IN  WHICH  THE  SUBJECTS  WERE  MADE  FATIGUED. 

For  purposes  of  the  test,  fatigue  was  defined  as  having  occurred  after 

THE  SUBJECTS  HAD  CARRIED  OUtTaSKS  C  OR  D  FOR  A  PRESCRIBED  PERIOD  OF 

TIME.  Preliminary  estimates  based  upon  the  abilities  of  the  two  experi¬ 
menters  (both  of  whom  are  around  the  85  TO  90th  percentile  and  in  fair 

PHYSICAL  trim)  INDICATED  THAT  GENUINE  FATIGUE  WAS  EVIDENT  AFTER  AROUND 
TWENTY  MINUTES  OF  THIS  WORK.  It  WAS  DECIDED,  THEREFORE,  TO  CARRY  THE 
TASKS  TO  TWENTY-FIVE  MINUTES  AND  THEN  RECORD  THE  "FATIGUED  CONDITION" 

DATA.  The  95th  percentile  men  were  able  to  last  out  this  DURATION  BY 
DINT  OF  CONSIDERABLE  EFFORT.  THE  5tH  PERCENTILE  MEN  COULD  NOT.  At  THE 
END  OF  ALMOST  TWENTY  MINUTES,  THEY  WERE  SO  WOBBLY  AS  TO  SUGGEST  THE 
POSSIBILITY  OF  IMMINENT  PHYSICAL  COLLAPSE.  THEREFORE,  THEIR  RECORDS 
WERE  MADE  AT  TWENTY  MINUTES.  NaTURALLY,  COLLECTION  OF  DATA  ON  FATIGUED 
CONDITION  WAS  SAVED  UNTIL  THE  END  OF  EACH  OF  THE  EXPERIMENTAL  SESSIONS 
SO  THAT  THE  OTHER  TASKS  WERE  RUN  UNDER  "fRESH"  CONDITIONS. 

H.  Data  Recording 

Master  data  recording  sheets  were  devised  with  spaces  to  record  the  frame, 

THREE  COORDINATES  FOR  EACH  BODY  REFERENCE  POINT,  TASK  DESCRIPTION,  OBSERVER 
DATA,  AND  SO  FORTH.  An  EXAMPLE  OF  THESE  SHEETS  IS  FOUND  IN  F|GURe14o 


I.  Data  Processing 


Considerable  effort  was  devoted  to  determination  of  the  statistical 
treatment  which  Was  REquiREo  for  the  datAo  All  factors  being  considered, 
IT  BECAME  apparent  THAT  THE  DATA  WHICH  WAS  AVAILABLE  COULD  SUPPORT  ONLY 
A  VERY  ELEMENTARY  TREATMENT.  ACCORDINGLY,  MEANS  AND  RANGES  WERE  DEVELOPED 
AND  are  TABLED  AND  GRAPHED  IN  THE  RESULTS  SECTION  WHICH  FOLLOWS. 


SECTION  FOUR 


DISCUSSION  OF  RESULTS 

There  are  two  types  of  results  in  this  study.  One  result  concerns  the 

METHOD  WHILE  THE  OTHER  CONCERNS  THE  OUTCOME  OF  APPLICATION  OF  THE  METHOD. 

One  OBJECTIVE  OF  THE  RESEARCH  HAS  BEEN  TO  DEVISE  AND  CHECK  OUT  A  METHOD 
FOR  RECORDING  THE  DYNAMIC  DIMENSIONS  OF  THE  HUMAN  OPERATOR.  THIS  HAS 
BEEN  DONE,  AND  SUCCESSFULLY  SO.  T HE  SECTIONS  WHICH  PRECEDE  THIS  ONE  HAVE 
GIVEN  THE  RESULTS  OF  THE  Eq,U  I  PMENT  DEVELOPMENT  PROGRAM.  In  THOSE  SECTIONS 
WILL  BE  FOUND  A  DESCRIPTION  OF  THE  TECHNIQUE.  DEVELOPMENT  OF  THE  METHOD¬ 
OLOGY  DESCRIBED  HEREIN  IS  THE  MAJOR  RESULT  BEING  SOUGHT  BY  THIS  RESEARCH. 

A.  VALIDATION  OF  METHOD 

Quite  naturally,  one  of  the  first  questions  which  may  be  raised  is  related 

TO  THE  ACCURACY  OF  THE  METHOD.  AFTER  ALL,  OPERATIONS  WERE  CONDUCTED  WITH 
ONLY  SEMI-PROFESSIONAL  PHOTOGRAPHIC  EQUIPMENT  AND  WITH  A  TECHNIQUE  WHICH 
SEEMS  TO  PERMIT  MUCH  ROOM  FOR  PSYCHOPHYSICAL  ERROR  IN  EQUATING  REFERENCE 

SIZES.  Accordingly,  a  test  was  run.  One  staff  member  hung  some  ping  pong 

BALLS  AT  CAREFULLY  MEASURED  DISTANCES  IN  TRIDIMENSIONAL  SPACE  BEFORE  THE 
CAMERA.  The  strings  upon  which  THE  BALLS  WERE  HUNG  COULD  NOT  BE  USED  AS 
CUES.  The  balls  were  photographed  against  a  flat  black  background,  a 
"take"  Was  made  of  this  "scene".  Only  the  photographer  knew  what  scene 

HAD  BEEN  USED  AND  WHAT  DIMENSIONS  WERE  INVOLVED.  THE  STAFF  MEMBER  WHO 
Was  to  BE  RESPONSIBLE  FOR  DATA  REDUCTION  WAS  THEN  GIVEN  THE  PROCESSED 
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FILM  AND  ASKED  TO  MEASURE  THE  LOCATIONS  OF  EACH  REFERENCE  OBJECT.  He 
MADE  A  COMPLETELY  "BLIND  READING"  OF  THESE  LOCATIONS.  T HE  RESULTS  OF 
HIS  INTERPRETATION  ARE  SHOWN  IN  FIGURE  10  WHERE  HIS  OBSERVATIONS  ARE 

compared  with  the  actual  measurements. 

Parenthetically,  informal  validity  tests  had  been  made  earlier  with  pre¬ 
liminary  FILMS.  In  those  tests,  the  location  of  the  balls  was  judged  by 

TWO  JUDGES  and  OVER  SEVERAL  REPEATED  TEST-RETEST  SITUATIONS.  Of  COURSE, 
AFTER  TWO  OR  THREE  TRIALS,  THE  JUDGES  KNEW  THE  LOCATION  OF  THE  BALLS. 

Still,  the  two  judges  agreed  rather  closely  (usually  within  1/2  inch)  on 

LOCATIONS  AND  WERE  qu I TE  CONSISTENT  ( USUALLY  W I TH I N  ABOUT  l/2  I NC h)  FROM 
DAY  TO  DAY.  On  THE  BASIS  OF  THESE  INFORMAL  TESTS,  THE  RUGGED  BLIND-READ¬ 
ING  TEST  WHOSE  REVEALING  RESULTS  ARE  SEEN  IN  FiGURE  10  WAS  ESTABLISHEDi 

For  purposes  of  evaluation  of  Figure  10,  it  should  be  pointed  out  that 

AN  ERROR  OF  1  l/2  INCH  IN  THE  LONGITUDINAL  AXIS  AT  LOCATION  E  WOULD  BE 
approximately  a  1^  ERROR  IN  MEASUREMENT.  A  2  l/4  INCH  ERROR  WOULD  BE 

required  on  Location  A  to  equal  an  error  of  1^^.  (Perhaps  this  is  more 

\ 

MEANINGFUL  IF  IT  IS  SAID  THAT  THIS  WOULD  BE  AN  ERROR  OF  ABOUT  TWO  INCHES 
IN  JUDGING  THE  DISTANCE  OF  AN  OBJECT  NINETEEN  FEET  AWaY„)  On  THE  BASIS 
OF  THIS  DATA,  PLUS  RELATIVELY  EXTENSIVE  SUBSEQUENT  E XPE R I ENC E  W I T H  RE AL 
SCENE  DATA,  IT  IS  BELIEVED  THAT  THE  OVERALL  ACCURACY  OF  THIS  DATA  SYSTEM 
IS  USUALLY  CONSIDERABLY  BETTER  THAN  1^.  ThERE  IS  NO  KNOWN  CASE  OF  AN 
ERROR  OF  measurement  LARGER  THAN  Vfo.  1t  IS  BELIEVED  THAT  THIS  LEVEL  OF 
ACCURACY  IS  DEFINITELY  ACCEPTABLE  FOR  MANY  PURPOSES,,  ThIS  RESEARCH  STAFF 
IS  CERTAIN  THAT  THE  ALREADY  SMALL  ERRORS  IN  THIS  PRESENT  MATERIAL  COULD 
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VALIDATION  OF  THE  MEASUREMENT  METHODOLOGY 
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Note  4  All  measurements  in  inches 


BE  REDUCED  FURTHER  WITH  APPARATUS  AND  MEASUREMENT  MODIFICATIONS  AND  BY 
WORKING  AT  CLOSER  RANGES. 

B.  EVERY  FRAME  DATA 

As  A  demonstration  of  how  data  can  be  OBTAINED  With  the  method,  one  task 

HAS  BEEN  COMPLETELY  ANALYZED,  FRAME  BY  FRAME.  T HE  RESULTS  APPEAR  IN 

Figures  11,  12,  and  15.  In  those  figures  has  been  drawn  a  graphic  repre¬ 
sentation  OF  THE  SAME  DATA  AS  IS  SHOWN  IN  TABULAR  FORM  IN  FIGURE  I4. 

The  task  used  here  is  the  "walk”  task.  The  subject  is  a  95  percentile 
MAN.  The  data  record  is  not  started  off  until  the  man  has  hit  full  stride 
and  is  cut  off  before  he  broke  stride  and  turned  off  the  path.  The  differ¬ 
ent  FIGURES  ARE  PLOTS  OF  IDENTICALLY  THE  SAME  DATA  EXAMINED  EACH  TIME 
FROM  A  DIFFERENT  ELEVATION.  Fl GURE  11  RECONSTRUCTS  THE  VIEW  WHICH  WOULD 
BE  SEEN  DOLLYING  ALONG  BESIDE  THE  SUBJECT.  FjGURE  12  RECONSTRUCTS  THE 
VIEW  OF  THE  identical  ACTION  AS  IT  WOULD  BE  SEEN  FROM  ABOVE.  FIGURE  13 
SHOWS  WHAT  WOULD  BE  SEEN  FROM  AHEAD  OF  THE  SUBJECT. 

One  further  item  to  notes  this  subject  had  a  shuffling  gait  which  caused 

HIM  TO  RAISE  HIS  FEET  ONLY  A  SMALL  DISTANCE  OFF  THE  FLOOR,  USUALLY  l/2 

INCH  OR  less.  It  is  futile  to  try  to  record  this  since  it  probably  LIES 

WITHIN  THE  ERROR  OF  MEASUREMENT  OF  THE  METHOD  AND  IS  AN  INCONSEQUENTIAL 
AMOUNT  ANYHOW.  MEASURES  FOR  THIS  WOULD  PROBABLY  BE  OF  INTEREST  TO  ANY¬ 
ONE  STUDYING  GAITS,  WHEREUPON  ONE  WOULD  FIND  IT  APPROPRIATE  TO  GO  TO  THE 
TROUBLE  OF  MEASURING. 
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The  really  significant  points  of  the  data  are  these:  all  three  view  of 

THE  SUBJECT  ARE  RECONSTRUCTED  FROM  ONE  CAMERA  »  ONE  EXPOSURE  ,  TIME-  BOUND 

RECORD.  Furthermore,  and  this  sets  the  technique  clearly  apart  from  its 

PREDECESSORS,  ACCURATE  DIMENSIONS  AND  ACCURATE  DISTANCES  (aND  THEREFORE 

velocities)  can  be  directly  obtained.  While  light  streaks  will  show 

PATTERNS  OF  MOTION  AND  STROBOSCOPIC  TECHNIQUES  WILL  SHOW  VELOCITIES,  THE 
PRESENT  TECHNIQUE  WILL  ACCOMPLISH  BOTH  OF  THOSE  OBJECTIVES  AND,  IN  ADDI¬ 
TION,  GIVE  accurate  positional  INFORMATION  IN  SPACE.  ThiS  CAPABILITY  IS 
THOUGHT  TO  BE  A  RELATIVELY  SIZEABLE  INNOVATION. 

From  the  above  examples,  it  is  apparent  that  most,  if  not  all,  of  the 
PURPOSES  FOR  which  PHOTOGRAPHIC  RECORDING  OF  MOTION  HAS  BEEN  USED  IN  THE 
PAST  can  be  CARRIED  OUT  WITH  THE  PRESENT  TECHNIQUE.  FoR  EXAMPLE,  STUDIES 
OF  PROSTHETIC  DEVICES,  TIME  AND  MOTION,  SPACE  LAYOUTS,  CENTERS  OF  ROTATION 
AND  many  others  CAN  ALL  BE  ACCOMPLISHED. 

C.  ENVELOPE  DIMENSION  DATA 

For  the  purpose  of  defining  the  limits  of  the  envelope  of  space  as  des¬ 
cribed  BY  THE  MOVING  OPERATOR,  IT  IS  NOT  NECESSARY  TO  GO  THROUGH  ALL  THE 
WORK  SHOWN  IN  THE  PRECEDING  SECTION.  INSTEAD,  IT  WOULD  BE  QUITE  SUFFI¬ 
CIENT  TO  KNOW  SOME  MEASURE  OF  THE  MAXIMUM  AMPLITUDES  REACHED  BY  THE  BODY 

part.  Actually,  such  a  number  could  be  simply  the  maximum  range  reached 

BY  EACH  part.  IN  THE  CASE  OF  THE  DATA  OF  PRECEDING  SECTION,  THIS  WOULD 
YIELD  A  FIGURE  SUCH  AS  FIGURE  15*  T HAT  FIGURE  IS  ONLY  BASED  ON  ONE  PASS 
OF  THE  SUBJECT.  USING  THE  RANGE  IS  RELYING  UPON  A  BAD  ENOUGH  STATISTIC, 
BUT  USING  THE  RANGE  OF  ONLY  ONE  PASS  OF  ONE  PERSON  IS  TOTALLY  INDEFENSIBLE 
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In  the  data  collection  runs  each  task  Was  carried  through  three  cycles 

BY  EACH  SUBJECT.  THIS  MEANS  THAT  IN  TasK  C,  FOR  EXAMPLE,  EACH  SUBJECT 
WOULD  WALK  BACK  AND  FORTH  BETWEEN  THE  TWO  RACKS  12  TIMES.  If  ONE  OB¬ 
TAINED  an  outside  limit  to  the  amplitude  of  motion  for  EACH  PASSAGE 
BETWEEN  RACKS,  HE  WOULD  HAVE  12  MEASURES  OF  OUTSIDE  LIMIT  OF  TRAVEL. 

This  is  a  large  enough  number  of  measures  to  begin  to  be  meaningful. 

If  one  took  the  largest  maximum  range  Value  and  the  smallest  maximum 

RANGE  VALUE  AND  THE  MEAN  MAXIMUM  RANGE  VALUE,  HE  WOULD  HAVE  A  PLOT  SUCH 

AS  SHOWN  IN  Figure  16.  The  writers  would  be  much  more  pleased  if  the 

STATISTICS  USED  WERE  MEANS  AND  STANDARD  DEVIATIONS  INSTEAD  OF  MEANS  AND 
RANGES.  It  IS  NOT  BELIEVED  THAT  THE  DATA  WILL  SUPPORT  THE  COMPUTATION 
OF  STANDARD  DEVIATIONS.  UsE  OF  STANDARD  DEVIATIONS  WOULD  PERMIT  MUCH 
MORE  RATIONAL  ASSERTIONS  ABOUT  THE  PROBABILITY  OF  COLLISIONS  WITH  OB¬ 
JECTS  WHICH  MIGHT  CIRCUMSCRIBE  THE  ENVELOPE  IN  REAL  LIFE  (caBINETS,  WALLS, 
DOOR  HANDLES,  ETC.). 

Notice  that  Figure  16  shows  both  the  vertical  and  horizontal  limits  in 

THE  same  chart.  It  WOULD  BE  POSSIBLE  TO  PREPARE  ANOTHER  PLOT  SHOWING 
THE  RANGES  OF  MOTION  ALONG  THE  LONGITUDINAL  DIMENSION.  ALSO  NOTICE  THAT, 
IN  THE  CASE  OF  FIGURE  18,  THE  TASK  ENVELOPE  IS  CONSIDERED  TO  BE  BOUNDED 
ON  ONE  SIDE  BY  THE  RACKS.  HencE,  THE  INBOARD  BODY  PART  LOCATIONS  WERE 
NOT  READ  OUT.  ThEY  COULD  BE  OBTAINED  FROM  THE  FILMS.  SUPPOSE,  FOR  EX- 
AMPLE,  THAT  ONE  WAS  INTERESTED  IN  HOW  LARGE  A  "PSYCHOLOGICALLY  INDUCED 
clearance"  would  be  created  BETWEEN  THE  SUBJECT  AND  THE  PLAIN  WALL.  NoW 


SUPPOSE  THE  wall  WAS  MADE  OF  SHARP  NAIL  POINTS— WOULD  THE  MAN  GIVE  MORE 
CLEARANCE?  WhaT  IF  THERE  WERE  TWO  WALLS?  WhaT  IF  BOTH  WALLS  WERE  DAN¬ 
GEROUS?  In  our  present  work,  we  have  merely  instructed  the  MAN  TO  "Move 

THE  BOXES  BETWEEN  THE  RACKS  BY  CARRYING  THEM  WITH  YOUR  HANDs"o  ThE 
RESEARCH  POSSIBILITIES  INHERENT  IN  THIS  SITUATION  ARE  OBVIOUS.  FIGURES 
16  THROUGH  24  SHOW  THE  DATA  FOR  ALL  OF  THE  TASKS.  SiNCE  THE  LONGITUDINAL 
DIMENSIONS  are  ARBITRARY  RESULTS  DICTATED  BY  THE  LOCATION  OF  THE  PROPS, 
THEY  HAVE  BEEN  OMITTED. 


D.  DISCUSSION 

It  seems  to  be  generally  true  that,  by  the  TIME  ONE  HAS  FINISHED  A  RESEARCH 
JOB,  HE  HAS  A  NUMBER  OF  IDEAS  ABOUT  HOW  IT  COULD  HAVE  BEEN  DONE  BETTER. 

With  an  eye  toward  providing  the  advantages  of  our  observations  and  exper¬ 
iences  TO  other  research  persons  who  may  Wish  to  apply  this  technique  on 

THEIR  OWN  SPECIAL  PROBLEMS,  THE  FOLLOWING  COMMENTS  ARE  OFFERED; 

1.  Camera  Equ i pment  -  One  would  be  well  advised  to  obtain  better  photographic 

EQUIPMENT.  As  THE  READER  MAY  KNOW,  THE  BolEX  EQUIPMENT  USED  HERE  IS  GENERALLY 
regarded  as  top  quality  SEMI-PROFESSIONAL  OR  VERY  SERIOUS  AMATEUR  LEVEL 
EQUIPMENT.  Even  so,  it  still  leaves  a  good  bit  to  be  desired  in  the  present 
USE.  If  one  Were  to  extend  the  work  and  if  finances  would  permit  it,  he 

SHOULD  SEEK  OUT  FULLY  PROFESSIONAL  EQUIPMENT,  EXAMPLES  WHICH  MAY  BE  CON¬ 
SIDERED  INCLUDE  55  MM  Mitchell  or  Fairchild  or  equal.  The  specific  camera 
FEATURES  which  ARE  NEEDED  INCLUDE: 

a)  highly  accurate  film  transport  (both  in  time  and  registration) 

b)  a  variable  shutter  (the  usual  fixed  ratio  shutter  exposure  will 

NOT  STOP  motion  EXCEPT  AT  EXTREMELY  HIGH  FILM  TRANSPORT  SPEEDS. 
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These  speeds  are  uneconomical  since  it  is  seldom  that  each  frame 
WOULD  BE  analyzed) 

c)  REALLY  GOOD,  VERY  WIDE  ANGLE  LENSES  TO  PERMIT  SHOTS  CLOSER  TO 
THE  SUBJECT  ( A N AMOR P H I CS ,  WHILE  SATISFACTORY  FOR  SOME  PURPOSES, 
PRESENT  DATA  REDUCTION  PROBLEMS  HERe) 

D^  ELECTRIC  MOTOR  DRIVE 

e)  highly  accurate  speed  control  (eliminates  need  for  clocks) 

f)  highly  accurate  frame  count 

g)  provision  for  concurrent  magnetic  stripe  sound  recording 

h)  provision  for  at  least  400  FOOT  REELS  FOR  RECORDING  LENGTHY 
TASKS  OR  REPETITIVE  CYCLES 

2.  Projection  Equipment  -  Desirable  characteristics  for  the  projector 

WOULD  include: 

a)  a  high  accuracy  in  vertical,  horizontal  and  longitudinal  position¬ 
ing  OF  EACH  frame  IN  THE  GATE,  THIS  ACCURACY  IS  DESIRABLE  IN  ALL 

MODES - MOVIE  AND  FORWARD  HAND  CRaNK;  BUT  ESPECIALLY  IN  REVERSING 

OR  ROCKING  BACK  AND  FORTH  BETWEEN  ADJACENT  PICTURES.  It  IS  VERY 
IMPORTANT  THAT  THERE  BE  NO  NECESSITY  TO  REFOCUS  WHEN  GOING  FROM 
ONE  MODE  OF  OPERATION  TO  ANOTHER. 

b)  a  cooling  system  which  absolutely  avoids  any  TENDENCY  FOR  FLUTTER 
OF  THE  FILM  IN  THE  GATEJ  ALSO  A  SYSTEM  WHICH  DOES  NOT  ALLOW  THE 
FILM  TO  SHIFT  PLANES  OR  BUCKLE,  NECESSITATING  REFOCUSSING  AFTER 
CONTINUED  EXPOSURE. 

c)  EITHER  AN  AUTO  FOCUS  SYSTEM  OR  A  REMOTE  FOCUS  SYSTEM  WOULD  BE  VERY 
HELPFUL. 

d)  a  two-stage  counter  would  BE  USEFUL  IN  FINDING  TAKES  IN  REELS  AND 
RECORDING  EVENTS  WITHIN  TAKES. 

e)  use  of  the  same  lens  FOR  BOTH  PROJECTOR  AND  CAMERA  HAS  OBVIOUS 

advantages  in  scaling. 

5<.  Miscellaneous  Details  - 


a)  use  of  very  fine  grained  film  and  extra  skill  in  photographic 

PROCESSING  ARE  STRONGLY  SUGGESTED  IF  ONE  IS  FORCED  TO  STICK  WITH 

16  MM  GEAR.  Demonstration  has  been  made  in  this  report  that  the 

WORK  CAN  BE  DONE  WITH  16  MM  GEAR,  BUT,  AS  MANY  PHOTOGRAPHERS  KNOW, 
MINIATURIZATION  BRINGS  A  CONCURRENT  REquiREMENT  FOR  EXTRA  CaRE. 

b)  use  of  larger  reference  objects  is  desirable  wherever  POSSIBLE 
(e.G.,  atop  head),  a  larger  OBJECT  will  PROVIDE  A  BETTER  IMAGE 
UPON  WHICH  TO  RANGE  THAN  DOES  THE  PING  PONG  BALL.  A  CELLULOID 
SPHERE  THE  SIZE  OF  A  BASEBALL  WOULD  BE  FINE  IF  USED  WHERE  IT  DIO 
NOT  INTERFERE  WITH  TASK  PERFORMANCE. 

c)  PROVISION  OF  A  SMALL  COLLIMATED  TARGET  PROJECTOR  WHICH  USES  A  BEAM 
SPLITTING  PROCEDURE  TO  THROW  ITS  BEAM  DIRECTLY  DOWN  THE  OPTICAL 
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AXIS  WOULD  BE  HELPFUL.  1t  WOULD  CAUSE  THE  AXIS  TO  BE  VISIBLE 
DIRECTLY  ON  THE  BODY  OF  THE  SUBJECT  AT  ANY  TIME  HIS  BODY  INTER¬ 
CEPTED  THE  AXIS.  This  would  do  away  with  the  problem  of  LOSING 
SIGHT  OF  THE  AXIS  ON  THE  BACKBOARD  WHEN  THE  MAN  GOT  INTO  THE 
LINE  OF  SIGHT  AND  THE  RESULTING  NECESSITY  TO  RECONSTITUTE  THE 
LOCATION  OF  THE  AXIS  BEFORE  MEASURING  THE  X  AND  Y  COORDINATES. 


On  the  following  pages  will  be  found  representative  data  drawn 
FROM  THE  RESULTS  OF  THE  EXPERIMENTS.  FIGURES  11-14  SHOW  THE 
KIND  OF  DATA  WHICH  RESULTS  FROM  PLOTTING  THE  REFERENCE  POINTS  ON 
EVERY  FRAME  COMPLETELY  IN  THREE  DIMENSIONS.  F|GURE  15  SHOWS  THE 
OUTSIDE  LIMITS  OF  THE  ENVELOPE  AND  HOW  THEY  MIGHT  BE  DEPICTED. 

Figures  16-24  show  the  locations  of  the  maximum  excursions  gener¬ 
ated  AT  A  VARIETY  OF  TASKS  UNDER  A  VARIETY  OF  CIRCUMSTANCES.  It 
IS  IMPORTANT  TO  RECOGNIZE  THAT  THE  OUTSIDE  LIMITS  AS  DEFINED  IN 
A  FIGURE  SUCH  AS  FIGURE  15  ARE  BASED  ON  RANGE  STATISTICS.  If  ONE 
IS  WILLING  TO  rely  ON  THE  RANGE,  THEN  THESE  LIMITS  WOULD  DEFINE 
THE  MAXIMUM  ENCROACHMENT  WHICH  COULD  BE  MADE  BY  THE  AMBIENT  SUR¬ 
ROUNDS  WITHOUT  INTRUDING  ON  THE  ENVELOPE  OF  SPACE  REquiRED  BY  THE 

HUMAN.  Upon  study,  it  will  become  apparent  that  there  are  many 

ADDITIONAL  POSSIBILITIES  FOR  TREATING  DATA  OF  THIS  SORT;  PERHAPS 
OTHER  methods  OF  PRESENTATION  WOULD  BE  MORE  APPROPRIATE  FOR  SPECI¬ 
FIC  PURPOSES.  The  figures  shown  here  are  intended  solely  for  PUR¬ 
POSES  OF  ILLUSTRATION  AND  ARE  NOT  MEANT  TO  BE  AN  EXHAUSTIVE  ACCOUNT 
OF  THE  RESEARCH. 


54 


95th  Percentile  Subject  -  ”Walk"  Task  -  Side  View-  Every  Frame  Analyzed 


Distance  in  inches 


FIGURE  12 

REPRESENTATIVE  COh«^LETE  DATA  ANALYSIS 

95th  Percehtile  Subject  -  "Walk”  Task  -  Overhead  View  -  Every  Frame  Analyzed 
(Note:  Data  Incomplete  on  Right  Foot) 


Distance  in  inches 


FIGURE  15 


REPRESENTATIVE  COMPLETE  DATA  ANALYSIS 


95tm  Percentile  Subject  -  "Walk'*  Task  -  End  View 
(Note:  Data  Incomplete  on  Right  Foot) 
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F I GURE  14 

EVERY  FRAME  ANALYSIS  OF  WALKING  TASK 
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CJNKN-^CTsO^^^  CO  CMVO  t--C0J^Lr\t^Otr\C-~r~CM  CM  l^^-^CM  LTVCOt-  C^OO  CO 

K\-<±*^'^i^'i^^LrvLrvvovovovo  >-t^t^cD  oo  co  cy\  o\  (y\  o\  o\  o  o  o 

^  •«—  5—  T-T-T—T—VH^ 

'  c 

cr 

Lu 

LTNvo  t-co  CJ^OT~cM  hr\-^mvo  ^-00  ctno^cm  rrv-^^LfNvo  ir—co  ctnq^cm 

CM  CM  CM  CM  CM  N^^C^^C^^f^r?^r^^f^^r^K^^^^«l:;^-^-^^-^;J-'^^^T;J-^<^’^u^L^^L^^l^^u^l^^U^ 
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EVERY  FRAME  ANALYSIS  OF  WALKING  TASK 


RIGKT  FOOT 

WIDTH 

+  4-  +  "I"  + 

1  t  j  j  j  1  C\J  CM  'sct  1  CM  1 

jr-r-jr-'T-  |r-  t-|T~  {*^  ^  | 

o  1  crNi>-f  aNCj\CT\{  ctncooo  1  coi>.t^l  oovot^  i  cDt^t^  I  ixMnt^  {  n-cdco 

^  •  1  1  1  1  •  1  i 

_ } _ \ _ _| _ i _ 1  { _ 1 _ ; 

DEPTH 

^  1  1  1  1  I  j  I  j  CM  CM 

T-jr-r-j  V“  |  v- 

t--  1  CTnI^  IvOMDVD  1  C30O^CT^  f  ON^t^l  |  i 

^  \  ^  ir\  \  ir\\r\  \sr\  \  {rs\r\ir\  \  \D  ^  io  \  (X)  CD  a\  \  o  ^ 

nm 

LEFT  FOOT 

WIDTH 

t-r-  r-KNT-r-t'TN-^—  ^  ^  ^  ^  ^ 

I  1  1  1  1  I  1  1  1  1  1  1  t  i  1  1  1  t  I  I  1  1  I  1  1  1  1  I  1  1  1  1 

DEPTH 

\  ^  ^  ^  ^^^CM^^CMCM  CM  CM  ^ 

T—  t—  rOv  ^  ^  T-  ^  ^  ^  ^  'l^  ^  X-  <*r-  1^ 

^  ITiCTN^  r-T“  -s-VD  T“CM  LOkCrNMOVOVOMDvOVDMDVDr--C^t^O  CJNOt-  ^ 

T-CMCMK^^^Lf^lr^t--^^[^|>-COCOCDCOOOOOCDCOOOOOOOC^^COO^CT^OOO^CM 

T~  ^  v  r-  X— 

— 

RIGHT  HAND 

HEIGHT 

,C^,^  CM  ,,^CM  CM  '5^}-  •«;q}- CM 

t—  K*N  y~.  ^  ^  ^  fC\  |vr\  I'TN  r- 

^  ir-  CM  CM  CM  I^KNirNininvoMD^DVOVO  ICMniniTN^^^fTNcM  CM  CM  rCNKM^s^VO  h- 

WIDTH 

^  ^  CMCM"^  CM^-^-^CM  '«;tCM'^ 

««-“  rr\  n—  KN  V-  t~  K\  ^  KN  X-  r~  fO  ^ 

VO  irvvovo  oovovovo  c--‘^t^^^'^^^CMCMCM  tc\rr\rrNT;j"^^^m  |^vo  co  oo  oo  co 

r-r-r-T“t—  T—  r“^T“t—  ^^r-"T“T“T-5-“r“ir“T“r-'T-«r-^r-T~r--^r“V-T~ 

DEPTH 

hTNCM  -^VOCMVO  o  C3^T-U^O■^CM  t^OK^^C^•^^f^■«;^r-  00  O  OMO  OOOOf^ 

I^'^'^'^lTMTVVOVO'OvOt^C^CD  C0CD00CTNCr\CT'iCT\aNCrsOCr\O  OO^^-^-CMCM 

. . ^ 

LEFT  HAND 

HEIGHT 

KN  T-  hrsf>r\hr\t~r^t--'5~KN  rev  'kv'k^  Tts 

1 

CM  CM  CM  revrcNi^^t-rrN^revrrNcM  CM  cm  v-  x-^cm  cm  rc\-«^j-Lrvvo  t^-vo^o  irN^rev^^LfMfv 

WIDTH 

revrOk  r-KN  kv5— rrv  t—  rev  x-  r-  Kv  'k^ 

CTNCTvOOOOr-  O^  O  x-  ^  OOVOVCTVCTVOO  CTxCTnovOVOOOV 

r-r-r-x-x-r-x-T-x-r-r-x-x-'r-r-r-’x-x- 

i  1  1  1  1  1  1  t  1  1  1  t  i  1  1  1  1  1  1  t  t  1  t  1  1  1  t  1  1  1  t  1 

DEPTH 

^^  .T-rev^T~5;—  rev  t-“T-T-<r-r-^r-  r- 

COLTVLTVQCOCDvO  OOCOt^t—OT-  oovo  C--'^VOVO  E^C^OVOO'^'«:j-CDt^VO  -^VOCM 
reV-^-^irSlPkirVLTwovOVOVOVO  C^t--t--OOCD  CTnCTNO  OOOOr-  r-t-  ^T--r-  "t-CM 

T-T-r-r-^r-r-r-'T-T-ir-t—  T*" 

HEIGHT 

Kv  x—  fC\  X—  x~~  v“  Kv  T~  Kv  rev  r- 

l>-^-t-~I>“CO  00  (OVOO  CJVOOCO  D— t^lr—00  00  OOOO  CJV(OVCJV<OVOO  00  l>-00  |>--CO  (OVOVCTnOV 

o 

DQ 

UJ 

WIDTH 

^  rev  T~  T“  KV  rev  rev  r-  r-  r-  r-  KV  t- 

iTvvovo  [--LrMjrv^revrevrrvcM  cm  r-  cm  cm  revcM  rr\rrNrevLfMrvurvt^t— l>-Cw 

. 

cc 

DEPTH 

'^^;;^CM  '*;tCMCMCM-*:4--^’^CMCMCM 

^t~rev^rev  x-  x-  t-v-r-t— r-rev  rev'^^  rr\  ^  ^  ^  ^ 

VO  CTvovrevvorevcMvo  irwo  t^mvo  O'^'^rcvcOT-  ocjvcm  revK-vo  ovlcvvo  r^vocM 
revrevrev««st-'^LCVLfVLfVLrvvDVOvo  c^t^oo  oo  oo  ovoo  CJvovco  (OvcrvovcrNCrNO  O  o^  CM 

T~  V“  ^  V-  *«“* 

_ 1 

FRAME 

i^vo  t^oo  <ovo^  CM  re\*^irvvo  t^oo  cjvo^cm  rr\’«;ti^vo  r^oo  C3vo*<”CM  KV'^irvvo 

CM  cm  CM  CM  OJ  revrevrevrevtevrr\rrvrevrevrev^^-^T^j-^r;j-^^i»^^iJvLrvLfVLr\uvurvirv 

-■■5Ba 


Data  incomplete:  sn  these  frames 


Height  in  inches 


FIGURE  15 

MAXIMUM  ENVELOPE  CIRCUMSCRIBED  BY  95rH  PERCEFfTILE  SUBJECT 
’’Walk"  Task  ~  End  View 


59 


Height  IN  inches 


FIGURE  16 


MAXIMUM  AND  MINIMUM  DIMENSIONS  CIRCUMSCRIBED  BY  95rH  PERCENTILE  SUBJECT 
Subject  X  *  "Walk”  Task  -  End  View 


Height  in  inches 


FIGURE  17 

MAXIMUM  AND  MINIMUM  DIMENSIONS  CIRCUMSCRIBED  BY  95TH  PERCENTILE  SUBJECT 
Subject  Y  -  "Walk”  Task  -  End  Vi  few 
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FIGURE  18 

MAXIMUM  AND  MINIMUM  DIMENSIONS  CIRCUMSCRIBED  BY  95TH  PERCENTILE  SUBJECTS 
Subjects  X  and  Y  -  "Change  Places"  Task  -  End  View 
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FIGURE  19 

MAXIMUM  AND  MINIMUM  DIMENSIONS  CIRCUMSCRIBED  BY  95rM  PERCENTILE  SUBJECT 
Subject  X  -  “Equipment  Transfer”  Task(One  Man)  -  End  View 
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FIGURE  20 


MAXIMUM  AND  MINIMUM  DIMENSIONS  CIRCUMSCRIBED  BY  95TH  PERCBITILE  SUBJECT 
Subject  Y  -  ’'EquiPMENT  Transfer”  Task  (One  Man)  -  End  View 
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FIGURE  21 


MAXIMUM  AND  MINIMUM  DIMENSIONS  CIRCUMSCRIBED  BY  95rH  PERCENTILE  SUBJECTS 
Subjects  X  and  Y  -  ’’EquipnENT  Transfer”  Task  (Two  Man)  ~  End  View 
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FIGURE  22 
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SECTION  FIVE 


SUMMARY 

This  research  has  given  extensive  consideration  to  the  problem  of 

ACQUIRING  ACCURATE  INFORMATION  REGARDING  THE  CHARACTERISTICS  OF  THE 
ENVELOPE  OF  SPACE  OCCUPIED  BY  THE  DYNAMIC  HUMAN  ENGAGED  IN  PURPOSIVE 

WORK.  After  considerable  feasibility  investigation,  a  method  was  de¬ 
vised  WHICH  is  suitable  FOR  THE  ACQUISITION  OF  SUCH  DATA.  The  METHOD 
INVOLVES  THE  USE  OF  ONE  CAMERA  MOTION  PICTURE  PHOTOGRAPHY.  T HE  OAtA 
obtained  will  provide  the  TRIDIMENSIONAL  COORDINATES  IN  TIME  AND  SPACE 
OF  any  portion  of  the  body  or  of  the  workspace. 

As  A  TEST  OF  THE  FEASIBILITY  OF  THE  TECHNIQUE,  SEVERAL  WORKING  TASKS 
WERE  STUDIED.  IT  WAS  DEMONSTRATED  THAT  THE  METHOD  IS  SUCCESSFUL  IN 
DISCLOSING  THE  DIMENSIONS,  MOTIONS,  AND  OTHER  CHARACTERISTICS  OF  THE 
ACTIVE  HUMAN  AT  WORK.  BOTH  THE  METHOD  AND  THE  RESULTS  OF  THE  PRELIMIN¬ 
ARY  TESTS  HAVE  BEEN  DESCRIBED  IN  FULL. 
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